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CHARLES EMERSON BEECHER. 

Oct. G, 1866— Feb. 1 4. I 904. 

PORTRAIT— PLATE I. 

The sense of bereavement which follows upon a loss so 
disastrous to paleontology as the departure of professor Beech- 
er renders it difficult to express lucidly and in adequate meas- 
ure to those who may have known him more by repute than by 
personal intercourse, his real value to his science or to record 
an appreciative tribute to his genius. Human experience is 
so full of instances of brilliant abilities prematurely quenched, 
of fruitful lives blotted out, of promising careers terminated 
before thie goal is reached, that the aphorisms of th? world 
take note of them. Death loves a shining mark, indeoci. 

Professor Beecher's end was wholly without premonition 
even to the penetrating eyes that watched him most closely, 
and its suddenness carries an element of the tragic. The 
Sunday morning of his death he arose as well as over but 
later he complained of pains in his arms, then in his chest. 
The usual household remedies failing, a physician Vv'as sum- 
moned and while they talked together he complained of diz- 
ziness and with a few breaths was gone. The har.Uning of 
the cononary arteries or angina pectoris, which mVbt least 
have been expected in a constitution of relative youth, is re- 
garded as the cause of death. 

One often sees in midsummer an oak on which a single 
leaf flares out in red and yellow while all the rest are green, 
and here too age has stolen on wuth unequal pace. 

Professor Beecher was in the 48th year of a singularly 
productive life. If his own death was an illustration of the 
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significaince of those phenomena of growth and decline on 
%;v1)\ph' so much of his own best work was based, so htf mental 
. . '• •!•, equipment strikingly exemplifies the vitality of variation. It 
might be difficult to locate the ancestral kernels of his pe- 
culiar mentality, the instinctive love of nature and extraor- 
dinary orderliness of thought that were so pervasive of his 
methods and evident in his achievements. 

He was bom at Dunkirk, N. Y., Oct. 9, 1856, -^nd in his 
youth his family moved to Warren, Pa., where !iis father 
subsequently acquired large business interests. His fond- 
ness for natural science developed earlv and instinctively, ex- 
pressing itself in the zealous acquisitiveness of the collector. 
Before he entered college he had brought together an exten- 
sive series of land and fresh water moUusks, both from the 
home localities and through exchanges from regions more 
remote. He had mastered that group of obscurities, the spe- 
cies of the Unionidae. For long his interest in these mol 
lusca held full sway, and he did not make formal surrender of 
his interest therein until in later years he found problems 
of broader import growing on him. Contemporaneously g^ew 
his interest in the geology of his home ground, but this was at 
no time so much a concern for its geological structure as 
for the acquisition of its fossils. These he collected with 
the greatest avidity and his zeal soon earned hirri :^fie'id into 
the well known localities of New York. After he entered 
Michigan University his summers were regularly =pent in 
this pursuit. The volumes of' the Paleontology of Nerv York, 
with their profusion of illustration, were his guide and in- 
spiration . 

On a hot summer day in 1877, P^lc with weariness, 
he staggered with pack on back into the laboratory of pro- 
fessor James Hall at Albany. He had sought what to him 
had seemed the fountainhead of knowledge of his fossils. 
It had been the goal of many a youthful dream to show to 
the author of the Paleontology of New York the treasures 
he had found. The great and keen-eyed Hall ever had an 
appreciative reception for such endeavor. With the most 
friendly concern he refreshed and nursed this acolyte and 
when strength had returned expressed a lively interest in hn 
etiVrts and liis ambitions. On going away Beecher hnd prom- 
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ised to come back to Albany when his college course was 
done and join Hall's corps of workers on paleontology. So in 
the summer of 1878, the year of his graduation, he lecame 
assistant to professor Hall, entered upon his work and was 
received with genuine enthusiasm. 

Those early years at Albany were of unalloyed happiness 
for the young paleontologist. His mind was not filled with 
dreams of fame, but he had at last reached the wellspring and 
could slake his thirst at will. Hall had then been for more 
than forty consecutive years engaged in elaborating the geol- 
ogy of New York; he regarded himself, as the unreserved 
devotee should, the personification of his work. He was the 
Paleontology of New York, He invited young blood to 
aid him in his work and paid in the invaluable training this 
work offered to his assistant, but he shared no honors. At 
the time of Beech^r's advent in Albany professor Hall was 
busied with two of his tremendous monographs of the fossils 
embraced in four quarto volumes, and into the study of the 
vast group of species represented in one of these, the Lnmelli' 
branchiata, Mr. Beecher was gradually inducted. As a sys- 
tematic work this undertaking was of giant proportions, noth- 
ing like it had been attempted in American paleontology, but, 
the two heavy volumes issued, it is not difficult indeed to 
find where the hand of the master was guided by that of the 
student. The plan of this, as of previous volumes, and the 
spirit in its execution even to details, was that of its author, 
but it is well to record here, as has not been done before, 
wherein the student forecasted, in this early work done sub 
umbra, his future fruitage. One sees through the«ic plates 
instructive illustrations of critical structures, hinges, denti- 
tion, muscular scars, which were largely drawn from prepar- 
ations made by the student. There is one difficult lithograph 
plate copied entirely from Beecher's own drawings, made be- 
cause this youthful Launcelot was not content with the draw- 
ings by Hall's expert and finished artists. This is worth re- 
marking because the standard of artistic work in the reproduc- 
tion of the New York fossils was and has always been high. 
There was one immense group of species in this descriptive 
work brought together under the generic name of Leptodesma 
— fifty and more of them — to the everlasting confusion of all 
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Paleontology, Beecher's appearance in those volumes here end- 
ed. He had done no little to refine and advance the work, but 
his reward was his experience and with this he seemed fully 
content. 

During this period however he was busied with various 
other things. He had not wholly lost his keen interest in the 
terrestrial mollusca and he kept in close touch with students 
and collectors in the east, adding considerably to an already 
very extensive collection of these shells which event^ually he 
gave to the State Museum. He had made himself expert in 
microscopic technic and some of his fine mountings of the 
radulas of gastropods were the subject of contributions to 
conchological papers. He undertook the microphotcgraphy 
of fossils with success, and he became much inten sted in 
human histology and anatomy. 

In these days and always Beecher was a keen collector of 
fossils. He had not the physical strength for the omnivorous 
and ponderous effort of that kind but he was the most dis- 
criminating acquirer of the unusual, the exceptional and the 
fine, that it has been my fortune to know. In those clays at 
the Albany museum the private collection was permitted, it 
was indeed to the assistant an outlet for individual endeavor 
and a basis for extra-official labor and research. He held with 
the rest of us firmly to the belief that a student of natural sci- 
ence without a private collection or at least the impulse to it 
was in danger of becoming either a starveling or a machine. As 
a student of paleontology, however, new species were inter- 
esting him less and less; it was something new about old 
species that he sought and these new facts were acquired by 
various avenues and new devices. 

In looking over the list of his early papers one sees how 
gradually he was finding himself. Of the 13 publications 
issued before he left Albany for New Haven the majority were 
conchological, only four can be regarded as paleontological, yet 
this may be somewhat due to the very evident sense of repres- 
sion he felt along the line of the latter. 

A part of Mr Beecher's fine natural equipment for srientific 
research was his indomitable patience necessary to establish 
broad premises. His conclusions were never hasty nor ever 
stated on merely one aspect of the evidence. All the more 
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far-reaching and stritcin^ of his deductions m his later work 
when his mind had turned chiefly to problems of biogenesis are 
known to his friends to be the result of tireless acquisition of 
material, and the focussing of light from ever}- source. In 
some quarters, his methods unknown, their results were not 
accepted; they were regarded as startling, as iconoclastic and 
even unreliable. 

It is well that here a word be said in detail as to what his 
preparation was before a publication appeared . In our mu- 
tual association in Albany we undertook a study of the onto- 
geny of certain brachiopods from the Upper Siluric ?.t Wal- 
dron. The materials for this study were the fine washings 
from some tons of specimens brought to Albany by the mu- 
seum's collectors. Herein lay every stage of developn-ent of 
these shells. Night after night for a whole winter v/e sorted 
out this material until we estimated that fiftv thousand im- 
mature brachiopods had been selected and arranged In onto- 
genic series. His studies of the larval and development phases 
of the brachiopods and trilobites were chiefly based on etch- 
ings from the limestones of the Helderberg and Canandaigua 
lake. These too were numbered by thousands. When he 
published the anatomy of the trilobite Triarthrus, an English 
author wrote me "confidentially*' to know if it was to be trust- 
ed. A continental paleontologist with a single sandstone cast 
of a trilobite's ventral surface, destructively attacked his work, 
intimating that it was a dream, a castle in Spain. He did not 
know that Beecher had a thousand specimens back of him to 
prove his work and a hundred preparations which for delicacy 
and exactitude have had no equal . 

In 1889 Mr. Beecher was invited by professor Marsh to 
go to New Haven in the capacity of assistant in the Peabody 
Museum in charge of the invertebrate fossils. Matters in 
Albany were not just at that time in form to present a counter 
attraction. Professor Hall was undergoing one of the period- 
ical "investigations" with which he was frequently favored. 
Sometimes these were precipitated by unsympathetic interests 
in the state legislature, but this time by a personal hostility at 
the head of the Regents of the University. Whatever their 
source, however, there was never but one issue to these in- 
quiries and that the full justification of the man and his work. 
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At the time Mr. Beecher was leaving Albany he was appointed 
by the interests hostile to Hall to a newly created position on 
the Museum staff, ''consulting paleontologist," but this was so 
direct an affront to Hall that with the termination of the in- 
quisition, the place was at once discontinued. 

Mr. Beecher's life at New Haven opened under th*; hap- 
piest auspices in a nev/ and clearer atmosphere freshened by 
inspiring associations and in his future work he won and kept 
the confidence and loyal support of his colleagues and patron. 
Soon after his coming, and as early as his museum duties al- 
lowed, he began his series of biogenetic studies which have 
been of wide-spread influence on his science and have estab- 
lished the high repute of his work. Among two groups of 
organisms he found the subject matter of most of his future 
studies, the brachiopods and the trilobites. His investigations 
on the former, constituting the earlier series, were inspired 
by the studies under way at Albany in preparation of the elab- 
orate two volumes on these structures . He kept in close touch 
with those investigations through his intimate acquaintance 
with Mr. Schuchert and the writer, and most profitably fol- 
lowed out some of the suggestive points therefrom developed . 
His important series of papers on the trilobites may be regard- 
ed as originating in the impulse given by Matthews's an- 
nouncement of antennae in Triarthrus becki from the Utica 
shale at Rome, N . Y . Aided by a lease of the locality of these 
interesting fossils taken by professor Marsh he was enabled to 
acquire almost unlimited material and his preparations of the 
pyritized appendages of these creatures are as fine exemplifi- 
cations of his skill in this kind of handiwork as his exposition 
and reconstruction of the anatomy of the animal are of the ac- 
curacy of his correlative powers. With this series of papers 
is to be associated his determination of larval and later mor- 
phology in other trilobites, all resulting in his classification 
which has altogether revolutionized previously accepted 
schemes . 

In all his work of research, whether at Albany or New 
Haven, he evinced only a rather remote and occasional interest 
in problems of geolog}' or stratigraphy, rareiy even in strati- 
graphic paleontology. In the maturer phases of his thought 
be was conccrncrl so wholly with the problems of phvlogeny 
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and biogenesis that the questions of time relations among or- 
ganisms, of range, distribution, paleography, were largely ex- 
cluded . This is so singular as to be notable, for Beecher was 
essentially without academic training in biologic science; he 
was, however, trained and experienced in stratigraphic paleon- 
tology, or at least in its requirements. Wherein he had no 
interest he had little sympathy, though he did not lack in ap- 
preciation. He 'was a forcible illustration of the fact, and to it 
he himself would occasionally refer, that for excellence of 
achievement in the strictly biologic problems of paleontology a 
geological training is a more essential equipment than a bio- 
logic one, for witn the latter, only the student never b<*comes 
thoroughly at home amongst the fossils or ever ceases to be- 
moan the loss of the soft parts ; never fully apprehending a fos- 
sil as a joint product of biologic and geologic agencies The 
correctness of this expression is certified to on every hand in 
the historv of the science he loved best and cultivated most. 

It is a very satisfactory reflection that a mentality of un- 
usual power of origination can be so brought under the in- 
fluence of another as to become as much the creature of cir- 
cumstances as an intellect of lesser powers. I can not see where- 
in Dr . Beecher acquired much from his intercourse with either 
of the great systematic paleontologists, Hall or Marsh, that 
modified the fruitage of his intellectual powers, but on the 
other hand a definite directive impulse was given to him by his 
close association with the late professor Alpheus Hyatt. This 
profound student of biogenesis and most deHghtful personality 
irradiated and transfused that receptive mind so that one might 
say Dr . Beecher had become the apostle of the Hyattian meth- 
od and in the expression give honor to both. The applica- 
tion of the recapitulation concept and the values of growth 
and decline are the foundation of the classifications of the 
Brachiopoda and Trilobita which Beecher promulgated. Of 
these the former was the less revolutionarv of accustom<id no- 
tions, but the latter rests on a ohilosophy that can not profitably 
be challenged, and had his life been prolonged its author would 
have perfected its details. The classifications which have re- 
sulted from the application of these principles of biogenesis 
and auxology are distinctively impressed with the individual 
characteristics of their authors. We may concede three such 
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schemes to be of this type in which the sum of all anatomical 
characters rather than variations in one lie at the base ; the two 
just referred to and Hyatt's classification of the cephalopods. 
Beecher's schemes are less obscured with detail and analysis of 
phylogenetic status and hence more adaptive to practical appli- 
cation, Hyatt evinces at every stage the analytical grasp of 
the growth phase and its rapid utilization in classification re- 
sulting in a much more complicated and detailed, if less readily 
applicable scheme. The latter in creating an army of new 
taxonomic values and names has at the same time created the 
necessity for as many more for phases of like value still" un- 
expressed ; the former has built without such close analysis and 
his terms suffice. Hyatt's classification it seems to us will stand 
less well the test of time than those of his disciple, but Hyatt's 
powers of analysis and correlation in this line of biogeny are 
still unparalleled. - Out of Beecher's study of the ontos::tny of 
fossil brachiopods and trilobites came his noteworthy .reatise 
on the Origin and Significance of Spines, in which the fact, 
recognized though not emphasized before, that the development 
of spines is an indication of the decline in racial vitality which 
precedes extinction, is set forth with a wealth of demonstration. 

The papers we have mentioned will be regarded as the 
broadest in scope of professor Beecher's undertakings, but they 
are not of more permanent value than many of his less pre- 
tentious publications. 

As a teacher of his science Dr. Beecher had won an en- 
viable success. His courses were attended with zeal and in- 
terest and among his graduate students are some whose work 
in his own department of the science has reflected much credit 
on him and on themselves. He had also received substantial 
recognition of his achievements in the honors which haJ come 
to him. The position he occupied in Yale as University Pro- 
fessor of Paleontology, Professor of Historical Geology in the 
Sheffield Scientific School and Curator of the geological col- 
lections in the Peabody Museum was his most signal distinc- 
tion. He was also a member of the National Academy of Sci- 
ences, Foreign Correspondent of the Geological Society of 
London, etc. For two years he was President of th* Con- 
necticut Academy of Sciences. The record of his published 
works as given in the following list discloses but a part of his 
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actual achievements, the greater part being the esteem and 
loyal devotion of his associates and students. 

JOHN M. CLARKE. 
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In the first paper the limits of the gold-bearing" metamor- 
phic series of Nova Scotia were sketched roughly, and a no- 
menclature proposed for the series and its two subdivisions. In 
the present paper and those following, these formation names 
will be used without further explanation. The metamorphism 
of the sediments will be treated in a later paper. 

The Goldenville formation. 

Definition. — The division of the Meguma series into two 
formations depends upon a sudden change from strata pre- 
vailingly gray and dark green in color in typical regions, and 
largely siliceous in compositicwi and arenaceous in texture, to 
superjacent conformable beds which are for the most part lead 
colored or black, in some places light gray and light green; 
and almost wholly argillaceous in character. The change is 
so abrupt as to be readily recognizable, whether the base of the 
Halifax formation be black or green. 

Distribution. — The Goldenville formation furnishes the 
ground upon which the upper member is laid in east-west 
synclinal bands, in surface distribution. This results from its 
position below the other and its greater thickness, from the 
shape and persistence of the folds throughout the series, and 
from the superior resistance of its rocks to erosion. Only a 
few localities are known in which it forms isolated patches sur- 
rounded by Halifax slates. In the east the most interesting 
is the Caribou mining district, which is located at the summit 
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of the Goldenville formation . The usual svncline of the Halifax 
has been puckered into two, with an anticline between; and 
this has been domed up at Caribou, and eroded far enough to 
show the summit of the Goldenville strata beneath. In the 
west, elliptical areas of this group, on the "banded argillyte" 
as a background, are mapped as occurring in several instances, 
up to a score and more miles in length (Bailey, '98, map) . 

Contact with the Halifax formation. — ^The contact between 
the two divisions of the series is always sharp where actually 
observable. It is usually marked by a striking change in 
color of the strata, from the greenish and grayish of the lower 
rocks to the black, or less often light green, of the upper. 
Faribault ('87, pp. 146-147) speaks of the contact as charac- 
terized by "a few layers of greenish, soft, smooth slate;" but 
these are absent in many regions . They are the eastern equiv- 
alents of the **banded argillyte" of Bailey. Nowhere has the 
slightest unconformity been seen between the two; one being 
a continuation of the other as regards process of sedimenta- 
tion, and differing from it only in color, texture, and kind of 
material . 

Base unknown. — The problem of the base of the series is 
insoluble at present . It is easy to find the lowest rocks, funda- 
mental to our observation; but there is no information which 
gives any clue as to the depth of unknown Meguma below the 
surface of the earth, in the center of the Moose River — Fifteen 
Mile Stream anticline, which holds the lowest known strata 
in eastern Nova Scotia . 

Thickness, — This makes impossible of answer the ques- 
tion as to the real thickness of the formation. The exposed 
thickness of the series and its subdivisions has been computed 
by several students of the field. Hind ('70, '70** '7^^) ^^st 
estimated the thickness of the whole series, calling it 12,000 
feet. The opposite extreme is Prest's estimate of 28,000 feet 
(Bailey, *98, p. 83).. Hind (loc. cit.) gave 9,000 feet as the 
thickness of the lower formation. Faribault ('87) gave 15,- 
000 feet at first, and later ('99, p. 2) regarded three miles 
as the depth to which erosion had exposed these beds . Bailey 
('98, p. 31) gives 5,000 feet as a minimum, indicating thus 
the greater difficulty of exact structural work in the west. 
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The two best localities for measurement, in eastern Xova 
Scotia, are from the Moose River anticline, at its bifurcation 
a mile west of Moose River mines, north to the contact with 
the Halifax formation: and from the more northerly 
of the two branches into which that axis breaks, five 
miles west of Fifteen Mile Stream gold district, north to the 
contact with the Halifax. The former gives 16,730 feet, the 
latter 17,670 feet as the exposed thickness of the Goldenville. 
Strike faults are extremely rare in the Meguma series, and 
small where found. The traverses made for the purpose of 
estimating thickness were along lines giving numerous out- 
crops ; and no evidence whatever was found, which would war- 
rant belief in either folding or faulting along the lines meas- 
ured. 

Characteristics of sediments: psammytes. — ^A few con- 
glomerates are to be found in this formation, but are most 
conveniently described later. Finer than these is the '*whin," 
including sediments of all textures between conglomerates on 
one hand and slate on the other. These strata exhibit all de- 
grees of compactness and metamorphism, from somewhat fri- 
able sandstone to the most dense and highly metamorphosed 
quartzyte; the latter being abundant and the former rare. As 
a rule they are heavily bedded, single strata reaching thirty 
to forty feet in thickness in some instances, without sign of 
stratification. On the other hand, some are but a fraction of 
an inch thick. The color is generally dark green when fresh, 
becoming brown through oxidation of sulphides, and finally 
bleaching by continued weathering to a yellowish or light 
greenish gray. Under a hand lens, one of the most noticeable 
features is the abundance of grains of black or dark smoky 
quartz in some of the coarser whins. 

The texture of these whins ranges from coarse grits, al- 
most conglomerates, to fine quartzytes with some admixture 
of kaolin. Of the former, the thick whin belt at Mt. Uniacke 
is a good example. Very considerable masses of quartzyte 
are so uniform as almost to prevent structural relations from 
being deciphered. Frequently a zone of more noticeably 
cleaved rock or ah indistinct lamina of slate is all that can be 
relied upon. The lack of individuality in the arenaceous sedi- 
ments is so marked that there is no opportunity for finding 
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datnm planes which can be used as a basis for the larger struc- 
tural problems. It may be that, on the whole, the whin is 
more abundant and somewhat coarser near the base of the 
formation, becoming finer above ; but the differences are neith- 
er strong nor persistent. At certain horizons, in restricted 
districts, the whin forms a noticeably small proportion. 

Characteristics of sediments: slates. — The slates vary less 
than the whin. Their color is usually a bluish or greenish 
black, often altered by chlorite to a somewhat lighter green, 
or by the rusting of sulphides to a brown . Their commonest 
surface color when well weathered is gray. Color changes are 
by no means so frequent or so violent as in the green slate 
section at the base of the Halifax formation. In thickness 
the slate is often a mere parting in the quartzyte, and seldom 
attains a greater amount than a few feet in a single stratum. 
Usually it is a few inches or less. The rock is in places graph- 
itic, but not commonly or so noticeably as in the overlying 
formation. Near the base of the series slate is said to be less 
abundant, and the belts thinner on the average; yet at Moose 
River, whose rocks lie almost at the lowest known level in the 
formation, there is a belt of slate of considerable thickness, with 
a very small amount of whin within it. The highest propor- 
tion of slate to whin is stated to be found near the center of the 
Goldenville, but of this we have as yet no proof. In most of 
the gold districts this rock is distributed in thin belts between 
well-defined quartzyte walls; and this has determined in large 
part the position and character of the mining districts. Old- 
ham, Goldenville, and Montague are good examples. 

Proportion of slate to quartzyte. — By far the larger part 
of the Goldenville formation is composed of sandstones, 
quartzytes, and their more metamorphosed schistose equiv- 
alents. At what may conveniently be called the "horizons of 
most abundant slate," exposed on the domes now worked for 
gold, it yet, by measurements in a number of districts, averages 
less than 20% of the whole. In parts of Moose River it 
amounts to much more, but the district is exceptional. In 
the westernmost quarr>% areas 70 and 71 block i, the rock is 
33% slate; in one of the cross-cut trenches 6o7( ^ and in several 
other parts of the district nearly 50%. Estimates based upon 
the thickness of these slate horizons on the different anticlines, 
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and their number, indicate that the workable parts of the 
domes themselves occupy but a small proportion of the thick- 
ness of the Goldcnville. It is probable that the slate composes 
3% or less of the total thickness exposed in the formation. 

A source of slight error arises in neglecting the slate beds 
and partings which lie in the thick whin belts between the an- 
ticlines; but observations indicate that this would not Increase 
th? total by more than .5%. Another source of uncertainty 
is the discontinuity of the strata. Between Moose River and 
the contact with the Halifax formation on the north, there is 
probably less than 1% of slate, in a thickness of over 16,000 
feet. If we could get similar sections at some other place, on 
one dip, there might be found several times that amount. 

Vertical distribution of slate horizons. — Moreover, these 
slate horizons have a very erratic distribution in vertical suc- 
cession. Instead of a rhythmic alternation of whin and slate, 
there appear to be great depths of quartzj-te almost barren of 
slate, between horizons which have a considerable proportion 
of slate to whin . And the thickness of these whin belts varies 
in different examples, ranging from somewhat less than a 
thousand to many thousand feet. It is impossible to give 
any average interval between the slate-bearing horizons, be- 
cause a study. of the field shows no probability that these ho- 
rizons are of sufficient lateral extent to run under and over one 
another to a degree that would give a vertical arrangement in 
tiers. 

Continuity of strata: on the dip, — The question of the 
continuity of individual strata o^ groups of strata is a puzzling 
one. The absence of any distinctive horizons within the 
group, except the formation contact plane, makes exact state- 
ments impossible . But the slate horizons exposed by denuda- 
tion of the domes offer a partial substitute. At about the 
longitude of Mcx^se River there are five anticlines, from the 
ocean on the south to the Carboniferous lowland on the north, 
and excepting the Moose River and Caribou folds These 
are. from north to south, the Gold Lake-Goldenville. Moose- 
land-Cicgogaii. Lake Catcha-Salmon River. Tangier-Harrigan 
Cove, and Southern anticlines (rid. Cieol. Surv. Can., docs. 
611. 624. 634: X. S. sheets 49. 50. 51) . Within a few min- 
utes of longitude east and west the mining districts of Gold 
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Lake, Mooseland, and Tangier are situated on three of the 
arches . A cross section of the region shows that none of these 
anticlines give horizons at the surface which are exact strati-, 
graphic equivalents of each other. From the axis at Moose 
River at the lowest known horizon, to the upper contact of the 
Goldenville formation on the north, the dips are all north ; and 
give about 16,900 feet of strata. Allowing 400 feet as the 
maximum thickness of the slate horizon at Moose River, there 
are 16,500 feet of Goldenville strata stratigraphically over it; 
and in that thickness at least three zones of slate-bearing rocks 
should appear. 

Three good traverses are possible from the Moose River 
axis northward in and near the district of that name — z. west- 
ern one, two or three miles west of the main settlement, along 
th^ old Moose River road north to Higgins settlement ; a sec- 
ond along the present road north from Moose River mines; 
and an eastern one, three miles east of the mines, along the dis- 
used road through the Icelandic settlement. All these tra- 
verses give numerous exposures, and it seems impossible that 
slate-bearing horizons aggregating probably 4500 feet in thick- 
ness, should escape observation ; but they have not been seen. 
Moreover, the vein-bearing horizon at Caribou shows no slate 
or leads where it emerges again from under the Halifax form- 
ation, south of Caribou. These facts would indicate that not 
only do individual strata extend a comparatively short distance 
north and south, but that whole groups of strata, represent- 
ing individual and localized conditions of deposition, are quite 
circimiscribed in their extent. Indeed, it is often impossible 
to match strata satisfactorily on the opposite sides of a single 
anticline and within a few hundred feet; and this, too, with 
good artificial exposures.* 

Continuity of strata: along the strike. — The same criteria 
are more difficult of application directly along the strike, be- 
cause the pitch of the domes is always gentle compared with 
the dip of the legs of the anticlines. One case, however, is 
especially noticeable. The dome at Caribou, Halifax county, 
is located at the top of the Goldenville formation ; and its po- 
sition is closely defined by the only exact datum plane we 
Icnow — the contact with the base of the Halifax. Eastward 
tett miles, along the same axis, the Goldenville emerges from 
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series of strata. This is by the deposition of the sediments 
of the Goldenville in moderately shallow water, upon a floor 
essentially flat under the area now covered by the strata, and 
influenced by somewhat violent currents and waves, constantly 
shifting their relations. Tidal changes in depth of water and 
direction of transportation may suflice to account for some of 
the phenomena ot distribution of sediments, but not for all. 
These currents created unevennesses of bottom through dif- 
ferential deposition, and changed the character of the detritus 
in any place suddenly, according to the direction and force of 
the flow at the time . 

The known thickness of the formation is more than 17,000 
feet. How much lies below the exposed part we cannot tell. 
It may be considerable ; it can hardly be less than hundreds of 
feet, and probably amounts to thousands. The top is not 
essentially diflferent from the bottom in texture. There is 
perhaps a finer average of the whin and a greater abundance 
of the slate near the center, although any difference which 
exists is not marked. Taken as a whole, the quartzytes keep 
their texture, and there is no such progression from a coarse 
base to a fine summit, or vice versa, as often is found. This 
indicates that the conditions of sedimentation were the same at 
the top as at the bottom. But the 17,000 feet represent solid, 
compact rock. How much bulk the sediments lose by super- 
incumbent pressure and by loss of water, both during and af- 
ter deposition, it is difficult to estimate. It is safe to say, how- 
ever, that the strata now exposed would, in their original un- 
compacted state, have occupied a vertical column far higher 
than the present thickness of the formation. This does not 
mean that they were ever thicker to that extent; but it does 
mean that, to keep the sea bottom at a fairly even depth, the 
sinking of the original bottom, minus the compressive com- 
pacting of the lower strata by those continually forming over 
them, must have been equal' to about 17,000 feet, and possibly 
more. The theory of the deposition of these sediments under 
the influence of currents lends itself readily to this view of the 
position of the sea bottom and the sinking of the detritus . 

The Halifax formation. 

Distribution. — The Halifax formation is distributed in 
narrow zones or bands, running with the general strike of the 
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series, and appearing to be inlaid upon a background of the 
Goldenville. In the field, and on such geologic sheets as have 
been published for the eastern half of the province, it is notice- 
able that these bands taper at both ends, with a resulting canoe- 
shaped outline. The intervals bet>^'een the zones vary greatly, 
as do their widths. Thus, between the nearer margins of 
Halifax strata in the Watemish and St. Mar\'*s Bay synclines, 
in the longitude of Indian harbor, there is an interval of eight 
miles, occupied entirely by strata of the lower formation . Be- 
tween the Watemish and Sherbrooke sx-nclines the Goldenville 
beils cover six and one-half miles across the strike. On the 
other hand, between the Ruth Fall and Liscomb Harbor svn- 
clines, they are in one place only half a mile wide. This is, 
however, exceptional , 

It is difficult lo estimate tlie relative areas occupied by the 
two fonnations. Conditions in the western half of the prov- 
ince are ver>' diffeient in this, as in other matters relating to 
the distribution of the two groups of rocks. An average of 
five traverses at different places east of Halifax, and aggre- 
gating over fifty miles, gives a distribution in the ratio of about 
one of Halifax to five of Cjoldenville strata, across the strike, 

Chanutcr of sediments. — The rocks are chieflv slates, of- 
ten ver>* fine grainoii and evenly beddeii. Indeed, in many 
places it is necessary, in the study of structure, to take ad- 
vautaiiv of the fact that crystals of pyrite lie abundantly in the 
strannoation plaix^s. The color of the slates varies from dull 
black tliroui^h sluu!es of bUiokish i:nnay to lii^^t $:niy. and light 
olsve i^Txvn, Thoio is rarely, if ever, the ixvuliar dark green 
eivi^ to Sv^juo v'^i tl\e slates in the i n^KWnx il!e bv an abundance 
of ohivrito aiul ;ivrc invUfiiiito h\vlr\nis s'!ioare>. In few in- 
sMv.vVs \\vn:!vl a bar.d siHvin\ei\ frvMU caoh fv^rrr.ati.^n, placed 

V>c *^\iok vaus are vMUmi Iv^hA cVv*^^ ::io, ar.vi to an ex- 
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be of use stratigraphically is not known. They are never, so 
far as I have observed, of as coarse texture as some in the 
Goldenville, which become grits; but their color is in cases 
identical, and often only their association with earthy black 
or green slates distinguishes these quartzytes from similar 
beds in the lower formation. Hand specimens are insufficient. 
Continuity of strata, — It is impossible, because of the ab- 
sence of structural domes developed for mining purposes, to 
say whether the strata are widely continuous or not; but one 
fact is important in this connection. While in the Goldenville 
it is comriion to find blunt terminations to thin strata, empha- 
sizing their lens-like shape, such phenomena do not appear in 
the Halifax, to my knowledge. The finer texture of the sedi- 
ments of the upper formation also argues for a probable great- 
er equality of the conditions of deposition, hence more extend- 
ed laminae and strata. 

t 

^'Banded argillyte division . " — ^Very rarely within the form- 
ation, but abundantly near its base, occur strata of light ma* 
terial — "greenish, argillaceous and chloritic soft slate," of little 
thickness at the east end of the province, but increasing to a 
considerable thickness at the west end. A few layers of 
magnesian siliceous limestone have also been noted at diflfereftt 
places, at the base of the group, overlying conformably the 
quartzyte of the lower division (Faribault, '99, p. 2) . In the 
Vest, Bailey ('98, p. 28) mentions gray, green, and purple 
slates, most of the green, purple and blue being grayish ; often 
alternate in color, and thin bedded . Some quartzyte strata are 
interspersed . 

It is this which Bailey has called the "banded argillyte di- 
vision" (loc. cit.) . He states, however, that there is a grad- 
ual transition between the quartzyte and banded argillyte, and 
between the latter and the black slate. In the east of the prov- 
ince these beds are never more than a few feet thick, and are 
often absent altogether. In the west they are said to attain a 
thickness of several thousand feet. In the former region, no 
one who has studied them has given evidence of a belief that 
they should be erected into a separate .formation. In the field 
they appear merely as a basal phase of the Halifax. Traverses 
of a number of the areas in the western country have made me 
doubt the necessity of such a division there, much of the meta ■ 
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morphic material placed under it being readily referable to one 
or the other of the two great divisions. Indeed, the mapping of 
the region on a three- fold basis brings out some incongruities ; 
as in the eastern part of the field mapped by Bailey ('98, map), 
where a large patch of the Golden ville is shown adjacent to 
Halifax strata, with none of the "banded argillyte division" be- 
tween . 

On the whole, therefore, it seems best not to name a third 
formation until stronger proof has been presented of its im- 
portance as a separate stratigraphic part of the Meguma series. 

Erosion from .top of series, — The original summit of the 
series has been lost through erosion, or at least has never been 
found in the most favorable places — the centers of synclines. 
Thus we have no knowledge of the thickness of the undenuded 
Halifax formation. Moreover, we have no adequate criterion 
by which to judge how much of it has been lost. The small 
amount of territory covered by it at present,* scarcely five per 
cent, of the area of the series, indicates that a large propor- 
tion of its original hight must have gone. 

At the west end of Tor bay, near the eastern extremity of 
the province, there are two very strong synclines of adalusite 
schist. Faribault ('87, p. 149) regards these as perhaps a ' 
superjacent series. But they appear to be better regarded as 
a more highly metamorphosed part of the Meguma ; for if they 
are a newer series conformable with the lower, the Halifax 
formation which immediately underlies it is, complete, only 
1800 feet thick. The mining settlement of Rawdon is situated 
on reddish slates which are thought by some to be a formation 
overlying the Halifax conformably ; but as to that there is no 
conclusive evidence as yet. 

Thickness. — Estimates of thickness vary greatly. Hind 
(70, 70*, 70*^) called it 3,000 feet. Bailey ('98, p. 46) gives 
3,000 feet as a probable minimum for the black slates. But 
this estimate does not include the "banded argillyte division," 
at least a part of which probably can be regarded for the pres- 
ent as within the Halifax. If it really represents a westward 
thickening of the thin bands of the east, it is fair tentatively to 
include all of it within that formation . Xo statement is made, 
in the paper referred to, as to the thickness of these banded 
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argillytes. Faribault ('99, p. 2) calls the Halifax roughly 
two miles in thickness. 

The thickest sections of which I have direct estimate are 
(i) in Halifax county on the Caribou anticline, two miles west 
of Caribou settlement at the end of a dome of Goldenville 
rocks which projects through the Halifax, the latter appearing 
to be 4,600 feet thick; (2) in Guysborough county on the St. 
Mary's Bay syncline, a mile west of where West river crosses 
it, the formation measuring here approximately 4,800 feet; 
and (3) Halifax peninsula. This last is the only instance, at 
least in the eastern part of the province, in which the Halifax 
attains a considerable breadth by repeated folds; and here, 
unless unknown strike faults are present, the thickness is ap- 
proximately 11,600 feet. Strike faults are rare throughout 
the series, and the few known are extremely small and local. 
There is, moreover, no proof of such faults of any appreciable 
throw, in the many exposures in the city of Halifax. 

Conditions of deposition. — The conditions of sedimentation 
in the Halifax were much more uniform than in the lower 
formation. The scarcity of quartzytes and the fineness and 
evenness of texture of the slates, indicate somewhat deeper 
water with little of the action which gave to the Goldenville 
its peculiar distribution of strata. The normal conditions of 
deposition prevailed. The deeper water signifies either a 
more distant land mass, or one worn much lower, so that not 
much material coarser than mud reached the off-shore bottom. 
A few limestones are reported from various localities; and es- 
pecially are thin layers found at the base of the formation. 
One, of a black color, outcrops on the east side of Halifax 
harbor. Wherever found, these indicate a nearly complete 
cessation of mechanical deposition. But usually the change 
from the lower to the higher group of rocks is marked by the 
light green, gray, and black banded slates. These apparently 
indicate a slightly different source of material ; and their greater 
thickness in the west than in the east suggest one or more of 
three conditions: either a larger body of rock in the western 
part of the pre-Meguma land mass, from which this could 
come ; or a quicker subsidence in the east than in the west ; or 
the presence of the pre-Meguma land nearer to the western 
seat of deposition. I know of no way to decide between these 
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possibilities. They are not, indeed, alternatives, as any two 
or all three mav have obtained . From other evidence, it seems 
probable that the last of the three, at least, existed. 

Eiidcnces as to the depth of zcater during deposition. 

Texture of sediments. — The varying texture of the sedi- 
ments affords an index of slight probable differences in depth 
of water in some cases. For instance, Hind ('72, p. 76) men- 
tions near Coxcomb lake, Mt. Uniacke, a belt of sandstone 
380 feet thick, a grit at the bottom, becoming steadily finer 
upward. Many of the coarse sand grains are a translucent 
blue color. This, it mav be remarked, is characteristic of 
much of the coarser quartz^-te of the series, the grains being 
often black, or a dark smokv brown. 

Limestones. — ^A limestone has alreadv been mentioned. 
Hind C72, p. 78) writes of **twisted and contorted slates with 
bands of carbonate of lime" at Mt. Uniacke; but these bands 
were probably the stratified veins. The Goldenville formation 
contains much lime as a cement in the rock: which mav have 
come originally from organisms or have been introduced by va- 
pors and surcharged waters working interstitially, or have been 
an original constituent of the ^eldspathic components of the 
sands. In view of the arkose nature of much of the quirtzyte in 
different parts of the formation, and the amount of kaolin pres- 
ent as shown in thin sections, the last supposition appears rea- 
sonable. Anv sedimentarv lime, however, is evidence of alack 
of clastk material in the water, and either of such deepening of 
the water as ceased to allow mechanical detritus to be carried 
so far, or a change in current action whereby no sediment was 
fed to a part of the bottom, and the calcareous and siliceous 
ooze gathered for a period unmixed with mud. 

Cross-bedding. — Cross-bedding has not been mentioned by 
anv author as characteristic of anv of the horizons in the se- 
ries. It is found in a number of localities, widely separated 
geographically and stratigraphically . Beside the shore road 
of the west coast of the province, one and one-half miles south 
of the village of Pubnico Harbor, is an exposure giving a struc- 
ture which shows deposition from the south. The dark bio- 
tite schist is similar to much of the rock of the region. Near 
the same stratigraphic horizon is a conglomerate, another evi- 
dence of slioal water. The west side of Halifax hirbor con- 
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tains many feet of finely cross-bedded quart2}tes, giving con* 
flicting evidence as to direction of cnrrent . 

Ripple marks. — These are mentioned occasionatty in the 
literature of the series. Hind ('72, p. 78) speaking of a de* 
tailed section made at Mt. l^'niacke in 1869 by A. Michel of 
the Geological Survey of Canada, alludes to a "slaty sandstone 
— ripple-marked dip 71 north/' Bailey ('98, p. 56) speaks of 
the rocks of Lockport island, Shelburne county, as distinctly 
ripple-marked. Certain strata en the west side of Halifax hir- 
bor show the same phenomenon. 

Conglomerates, — Conglomerates have been reported from 
a number of localities, chiefly in the western half of the series, 
and all in the lower formation . The eastern occurrences noted 
in literature are at Mt. Uniacke and West Waverlev. At the 
former place Hind notes C7^f P- 78), in the cross-trenched 
section by A. Michel, a stratum of "slaty sandstone holding a 
few slate pebbles . " In the latter district, the same author men* 
tions ('69, p. 21) in the Tudor group of beds, "heavy-bedded 
gray whin, holding pebbles of blue-black slate." In the stjata 
accompanying the Rose group of leads, he speaks of a "fine- 
grained whin, holding a few pebbles of the dark bluish-gray 
slate." In a careful survey of the district I did not find anv 
true fragmental pebbles, cither in the strata mentioned or in 
others. What I have found, however, is a number of lenses 
of slate in the quartzyte, some but a few inches in length ; and 
the blunt ends of others. All are flat, their shape ranging from 
that of rather flat ovoidal concretions to thickened discs. That 
they are not concretions is shown by their composition, and the 
disposition of the material. There are, however, certain hori- 
zons of concretionary quartzyte at West Waverley . There are 
a number of localities containing concretions which might be 
taken for pebbles at first sight by some ; as, for instance, Moose 
River mines and the west side of Halifax harbor, near York 
Redoubt. 

In the west, Bailey reports conglomerates from a number 
of localities. Near Port la Tour, Shelburne county ('98, p. 
59), is a true conglomerate, "mainly of quartzyte" (MS let- 
ter) . At the settlement of Pubnico Harbor, Yarmouth county, 
he speaks of "the inclosure in the beds of numerous well-de- 
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fined pebbles, mostly a quartzyte, the rock being really a 
quartzyte" ('98, pp. 67-68). 

A mile south of the village of Pubnico Harbor, where the 
railroad to Barrington crosses the same road mentioned in con- 
nection with cross-bedding, is a sericite schist, altered from a 
sandstone, and containing olive-green quartzyte pebbles, some- 
what resembling massive serpentine . This is probably part of 
the formation noted by Bailey in the same region. The schist 
has much fine biotite irregularly distributed through it. The 
pebbles are sufficiently resistant to stand out well on the 
weathered surfaces, and occasionally these surfaces show pits 
due to loss of the pebbles . 

At Western Head, south of Lockport, Shelburne county, 
the sediments "include some . . . beds made up of well round- 
ed quartz pebbles of the size of bullets" (loc. cit., p. 56) . In 
describing the strongly conglomeratic rocks of Yarmouth, he 
mentions (p. 69) pebbles up to a foot in diameter, of gray 
quartzyte in some strata ; in others of a "gray or purple-gray 
vesicular rock," which he has not determined. In a MS. letter 
he speaks of them as "feldspathic, and recalling the vesicular 
ash rock (trachytes?) of Huronian age underlying the Cam- 
brian rocks about St. John." He considers them practically 
basal, part of division la of his classification; but on the map 
accompanying the report the whole region is colored as division 
II, the "banded argillyte division." 

At Westfield, Queens county, "near the mouth of a brook 
emptying into the Westfield river," is said by Bailey to be 
"a deposit of very hard breccia or conglomerate, the cement of 
which is oxide of iron" (loc. cit., p. 38) . A traverse of the 
river in the region indicated, failed to discover the strata, nor 
does the stream appear to contain pebbles of it. The nearest 
resemblance to a conglomerate was seen in a small piece of 
recently cemented breccia of whin pebbles, the matrix being 
iron rust. At the so-called Jumbo mine, a few hundred yards 
northwest of the bridge over the river, mentioned by Bailey in 
this connection, but not as containing conglomerate, is a vein 
breccia ; and where the margins of the leads have been faulted 
are many small slickensided lenses, sometimes cemented into a 
fault breccia. The hand specimens suggest a conglomerate, 
at first sight. 
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Origin . 

Pre-Meguma continent unknown. — The Meguma series 
stands almost alone among the large stratified groups on the 
continent, in having no rocks visibly subjacent to it, in vertical 
or areal distribution. Neither bottom nor margin is known. 
The gfranites show no horses of a foreign and presumably older 
series. The conglomerates give little hint of what must have 
been a very large land mass. The schists of the Yarmouth re- 
gion were at one time regarded as subjacent to the Meguma 
series, but are not now so considered. In the east, Faribault 
says ('87, p. 146) "The base of the quartzyte group is char- 
acterized by the occurrence of coarse quartzyte and grit in cer- 
tain beds which, at the mouth of St. Mary's river, appear to be 
underlain by bluish-black and greenish siliceous slate holding 
small crystals of andalusite or staurolite." But no proof of the 
separateness of these rocks is given, and they may well be only 
a more highly metamorphosed part of the Goldenville forma- 
tion . Nor does the author show, either in the text or the map 
sheet (nos. 28, 29; Geol. Surv. Can., docs. 382, 383), that 
they lie at the base of the series . 

The southern, western, and part of the eastern margins lie 
under the sea, the original shore regions having of course long 
since vanished . The northern and part of the eastern margins 
lie under younger sediments. 

Problem of original dimensions: original extent and thick- 
ness, — Evidence as to the original dimensions of the series is 
circumstantial only, like that for several other factors in its 
history. Its lateral extent must have been much greater than 
at present. The only hint of the proximity of the pre-M'eguma 
land comes from the few conglomerates, chiefly in the west. 
None of these have been proved to be basal, hence cannot be 
used as arguments for the proximity of the shore at the begin- 
ning of sedimentation. At the east, the present strike of the 
series carries its northern contact clear of the south shore of 
Cape Breton; and, unless its strata extend far to the north 
under the Devonian, it is not to be expected that Meguma rocks 
would be found on the island. A small circular area of this 
age is, indeed, mapped in southern Cape Breton (Geol. Surv. 
Can., doc. 203), occupying only about one-fourth of a square 
mile, and surrounded by pre-Cambrian rocks; but what evi- 
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dence there is for correlating it with the Meguma 1 do not 
know. 

All that can be said definitely at present, upon the subject 
of original extent, is that the character of the sediments gives 
no indication of the proximity of any natural margin, and the 
former lateral extent was probably much greater than now ex- 
posed, even were the strata straightened out and the folds 
eliminated . 

Evidence as to greater original thickness is of four classes, 
none of which gives definite quantitative results. The first 
is the extent of younger sediment composed of material which 
may have been derived from the Meguma . No measurements 
have been made which would justify giving figures on this mat- 
ter. But the area and thickness of the lower Carboniferous 
conglomerate in the eastern half of the province, where it is 
composed almost entirely of Meguma waste in parts, are both 
considerable. It is very noticeable at Gays River mines, Cold- 
stream, Colchester county, that the conglomerate contains a 
large amount of one rock not now found as a part of the older 
series — a dull red sandstone. The rest is readilv traceable to 
the Meguma . This red of course may be Devonian ; but there 
is no evidence that it is, and the boulders at Gays River have 
evidently not travelled far. Again, there may have been an 
upper formation in the Meguma, now eroded completely away 
and preserved in these relics; or the latter may come from a 
younger series below the Devonian, although we know of none 
which answers the description . 

The second cla.s of evidence as to the former thickness of 
the Meguma is its structure. The folds are as sharp and well- 
formed at the present summit as at the bottom ; and, except at 
the extremities of domes, have no faults which appear to be 
consequent upon east-west folding while brittle. The whole 
appearance of the orogenic type displayed by the series indi- 
cates that the folds were made well down in the zone of plastic- 
ity, which later became one of plasticity and fracture. 

The third line of evidence is the dynamo-metamorphism, 
which will be discussed separately in a subsequent paper. It is 
as thorough at the top of the series as at the bottom, and of 
such degree as must have required no small depth of superin- 
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cumbent sediment for its growth. Moreover, it is aH pre-Car- 
boniferous, and probably considerably antedates that period. 

The fourth group of testimony. conies from the intrusions. 
With the exception of dioritic marginal phases and diwyte 
apophyses, they are all granitic and abyssal. Nowhere does 
the slightest tendency appear toward a transition to quartz por- 
phyry or aporhyolyte ; although the granites cut the highest 
strata in the series in such manner as to show that they must for- 
merly have extended far higher. This is especially triie of the 
great western massif. The period of intrusion was after almostall 
the great events in the history of the Meguma had taken place ; 
and this indicates that even at that time there was a very con- 
siderable cloak of superincumbent strata . Some of the granite 
areas are so large as to force the conclusion that they originally 
extended far above the present summit of th^ series. The depth 
of cover needed to allow acid magmas to crystallize as coarse 
granites must be considerable, as shown by the infrequency of 
dikes of granite ether than as short apophyses. 

The conclusion from these various lines of observation is 
that the Halifax formation must originally have been far thick- 
er than at present, or that it was covered by some thick form- 
ation, probably conformable and sharing its history. The 
great western massif, cutting Siluro-Devonian strata, seems to 
indicate the latter ; but ( i ) these strata are not of great thick- 
ness, and (2) the granites of the Meguma series are ahiiost 
certainly of more than one age of eruptivity, so that the his- 
tory of the large mass cannot fairly be taken as representative 
of the whole. Although there is no direct quantitative evi- 
dence, it probably is safe to consider that at least a mile has 
been stripped from the present highest beds of the Halifax, of 
which we have not even a vestige left. 

Problem of original (iiuicnsio$is : present bulk. — The area 
now occupied by the stratified rocks of the series is 4,500 square 
miles. The known thickness alone, if uniform, gives with 
this area a contents of 22,500 cubic miles before erosion. But 
measurements across the folds show that the same sediments 
now exposed, if restored. to a flat position, would occupy at 
least 75 % and probably 100% more area; so that the total bulk 
of the rocks now represented, but restored to an even thick- 
ness may be conservatively estimated at 45,000 cubic miles. 
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What has been lost above and laterally, what lies below the low- 
est visible strata, and what under the cloak of younger form- 
ations to the north, we have no means of knowing. Taking 
the total present area of the series, however, as 8,000 square 
miles, including that part replaced by granite, the total cubic 
contents ^yhen restored to a condition of horizontal stratifica- 
tion would be approximately 88,000 cubic miles of rock . 

Examined from the standpoint of the amount of erosion 
necessary to produce the series, even the figures given are seen 
to be very large. To produce these sediments would require 
the complete degradation of the provinces of Nova Scotia, 
New Bnmswick and Prince Edward Island, from an alpine 
condition with high peaks and total average elevation of 9,200 
feet, to sea level. 

Area and time of, erosion represented, — Such a history 
makes the series one of the largest almost purely inorganic 
accumulations known. . The time occupied by its deposition 
is also very great ; so great that figures have no value in deal- 
ing with the problem. The Goldenville formation evidently 
was accumulated at a rate not very rapid, as shown by the 
scarcity of coarse debris, and relatively small amount of cross- 
bedding; and at a rate not very slow, indicated by the lack of 
continuity of the strata and the relatively small percentage of 
pelytes. The Halifax, even at its present much diminished 
thickness, may represent more time than the lower formation. 
The continuity of sedimentation appears to have been unbrok- 
en throughout; and this points to one of the longest epochs of 
continuous deposition, as well as one of the most ancient. 

Pre-Meguma land: position, — There is little evidence as to 
the position and character of the land mass from which the 
Meguma series was derived. Of the sandstone and pelytes, 
it cannot be said that they become finer or coarser in any direc- 
tion. Indeed, the grits which here and there occur through- 
out the Goldenville are rather widely separated, both strati- 
graphically and geographically. Tlie instances of cross-bed- 
ding, which might give some clue as to the direction of the 
land, are not very satisfactor}' in their evidence; but much re- 
mains to be studied regarding .them . 

The authentic conglomerates are all in the southwestern end 
of the series, if v/e except Hind's references; and it is a fair 
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assumption that this marks a shoreward direction in part, and 
that a portion of the pre-Meguma land mass lay to the south 
and west of the west end of the province. The size of the 
boulders in the Yarmouth conglomerate indicates a transpor- 
tation by no means long . The cross-bedding seen in the west, 
as far as it has any weight, points to the same direction of land, 
the south . On the other hand, the structure of the eastern part 
of the series is of such type as would readily have resulted 
from the folding of sediments marginal to a land mass to the 
noith. 

There is no evidence as to the proximity of the old shore 
lines to any known points, if we except the large boulders in 
the Yarmouth conglomerate; and when it can be proved con- 
clusively whether or not these are basal, they may be of great- 
er service. 

Pre-Meguma land: composition. — As to the character of 
the material forming this land mass, two indefinite lines of ev- 
idence are available. The first is the chemical character of 
the sediments. This is moderately acid to intermediate, de- 
pending upon the situation. The silica of the quartzytes is in 
part offset by less acid minerals such as chlorite. A large 
number of rocks could have furnished detritus of such nature. 

The second class of evidence is the mechanical nature of 
the strata. The pebbles at Mt. Uniacke and Waverley, if 
there be any, are slate. Bailey's reference at Pubnico is quart- 
zyte, and my own confirms it for the general region. The peb- 
bles near Lockport, mentioned by Bailey as "quartz," may be 
quartzyte; and those at Port la Tour are quartzyte. What 
the "gray vesicular rock" is, is not known. Thus the only au- 
thentic evidence as to kinds of pebbles points to quartzyte as 
at least a prominent ingredient of the old land, but it cannot 
have been the only one . Aside from the inherent improbability 
of one kind furnishing so many cubic miles of detritus, quartz- 
yte, however impure, would hardly account for th.e several 
thousand feet of argillaceous material in the slates of both 
formations. In the lower this is intimately mingled with the 
sand, the two in many places alternating several times in a foot 
of thickness; and evidently they came down in the water ap- 
proximately together. 
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In addition, there is clastic mica, and the relic of feldspars 
in places. Granitic rocks would furnish detritus in propor- 
tions nearest to those found in the series . No sediments alone 
would do it, except perhaps a series essentially like the one 
made from it; and igneous rocks more basic than the granite- 
rhyolyte series would not furnish the requisite amount of 
quartz . 

In view of the evidence, it may be stated very tentatively 
that the pre-Meguma land mass probably consisted of granitic 
igneous rocks ; with some sediments, of which we have definite 
trace in the quartzyte conglomerates and perhaps in some slate 
conglomerates in the center of the province. 
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EROSION ON THE GREAT PLAINS AND ON THE 
CORDILLERAN MOUNTAIN BELT. 

By Wambn Upbam, St. Paul. Minn. 

The subaerial sculpture of great land .areas is not less wor- 
thy of attention than marine sedimentation, upheaval, and vol- 
canic action, by which the' lands were originally formed. It is 
also very interesting to follow the great courses of drainage, 
and to note the marine and lacustrine deposits that have been 
derived from the wear and waste of continents. 

In the region here considered, namely, the north part of 
our Great Plains and the part of our Cordilleran belt where it 
is crossed by the Northern Pafific, Great Northern, and Can- 
adian Pacific railways, the physiographic history is comprised 
in the Tertiary and Quaternary eras. During the much longer 
ages of Paleozoic and Mesozoic time, from the Cambrian peri- 
od to the Cretaceous, inclusive, the site of the Yellowstone 
National Park and a vast region to the north and west were 
covered by the sea, with practically continuous and conform- 
able sedimentation, sometimes at abyssal depths where little 
deposition took place through long periods, and sometinxes 
in shallower water receiving plentiful tribute from adjoining 
eroded lands. 

The Cretaceous sea of that region, in which its latest sedi- 
ments were laid down, stretched eastward over Manitoba and 
the greater part or all of Minnesota, to the area now occupied 
by the west end of lake Superior. Though the strata then 
formed have been mostly or wholly eroded and removed from 
a tract 100 to 200 miles wide along the eastern margin of the 
Cretaceous marine area, its fossiliferous beds are found in place 
by H. V. Winchell so far east as on the Little fork of Rainy 
river* and on the Mesabi range, t Thence west to the Rocky 
mountains, an expanse of deep Cretaceous strata, mostly 
shales, was uncovered from the sea at the end of that period, 
and has since been subject to erbsion. 

At first a vast flat and monotonous plain, this expanse has 
lost hundreds of feet at the east and thousands of feet at the 

* Geot. and Nat. Hint. Survey of Minneaotu^ Sixteenth Annual Report, for 
1887, pp. 403-9, 481, 4.34. 

f Am. Gbolooist, vol. xii, pp. 220-223, Oct., 1893. 
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west by denudation ; but the surface yet retains so much sem- 
blance of its original flatness as to be commonly called "The 
Plains." Like all the interior basin drained by the Mississippi, 
Missouri, St. Lawrence, and Nelson rivers, between the Ap- 
palachian and Cordilleran mountain belts, the Plains, 800 miles 
wide and of much greater extent from south to north, have 
been exempted from the throes of mountain building. Their 
only oscillations of altitude have been epeirogenic, in marked 
contrast with the grand orogenic movements which formed the 
Cordilleran ranges. 

At the beginnmg of the history of the Plains, one of the 
mighty mountain-building and continent-making epochs gave 
rise to the principal ranges of the Rocky mountains, the frontal 
parts of the Cordilleran belt, which were folded and uplifted 
near the end of Cretaceous time. As the chief orogenic revolu- 
tion producing the Appalachian belt of mountains, from north- 
ern Alabama to New Hampshire and Maine, coincided with 
the close of the Paleozoic era, so the end of the Mesozoic era 
witnessed the upheaval of the sea bed to form the Great Plains, 
the birth of the Mississippi flowing at the foot of their east- 
ward slope, and the thrusting up of mountain ramparts along 
all their western border. The sites of Helena, Butte, and Great 
Falls, cities of the mountains and plains of Montana, then 
emerged from 

"The stillness of the central sea." 

Ten years ago I published a paper from my studies of ''Ter- 
tiary and Early Quaternary Baseleveling in Minnesota, Mani- 
toba, and Northwestward,"* and ever since I wished to cross 
the western half of our continent, until opportunity came last 
year. In my journey over the Plains and the broad Cordilleran 
region of mountains, valleys, and basins, the vastness of Ter- 
tiary erosion was more fully appreciated, and I was impressed 
with the multitude of the mountain ranges, rather than by their 
hight. 

In Montana, Idaho, and Washington, these mountains are 
of the same order, in respect to altitude above the land at their 
base, as the White, Green, and Adirondack mountains, in- 
stead of representing the most lofty mountains of all the world, 



* Ambr. Gboi^ogist. vol. xiv, pp. 235-246. Oct , 1894; Ballctio, OeoL Soc. 
of America, vol. vl, 1894^ pp. 17-20. 



Erosion on the Great Plains. — Upham. 77 

as the European Alps, the Caucasus, and the Himalayas. But 
with those latest formed m'ountains, which together may be 
named the Eurasian mountain belt, should be classed, in tl- 
same first rank as to hight, and of similar late Tertiary and 
Quaternary time of uplifts, other parts of this very long and 
wide Cordilleran belt, such being Mt. St. EUas and its neigh- 
bors, the Sierra Nevada of California, and the high Andes. 

Attending and following the great folds, faults, and uplifts 
of mountain ranges through the western side of our continent, 
which closed the Cretaceous period and began the Eocene, so 
bridging the transition between the Mesozoic and Tertiary 
eras, volcanic intrusive and eruptive rocks added greatly to the 
mountain masses of some tracts, as in tiie Yellowstone Park 
and in the Cascade range, and spread over very large plain 
areas in the basins of the Snake and Columbia rivers. 

During the Tertiary and Quaternary eras, this western half 
of our country and of Canada, newly raised from oceanic 
depths into plains and moimtains, has undergone much eros- 
ion ; and the rivers have borne thence the detritus from this 
vast area, depositing it mostly, beyond their mouths in the sea. 
Quantitative estimates of the amount of this erosion, and conse- 
quently of the offshore sedimentation, are afforded from the 
Plains by the Turtle mountain, on the international boundary 
of North Dakota and Manitoba, and by the Crazy and High- 
wood mountains in Montana. Farther to the west, such esti- 
mates may be taken from the valleys and canyons of the wide 
Cordilleran belt, and from the fiords of Puget Sound and the 
coast northward. 

Turtle mountain, 40 miles long from east to west and about 
25 miles wide, rises 300 to 800 feet above the surrounding east- 
em part of the Plains, the tops- of its highest hills being about 
2,500 feet above the sea. Under a veneering of the glacial 
drift, which probably averages 50 to 75 feet in thickness, this 
wooded highland consists of nearly horizontally bedded Lara* 
mie strata, chiefly shales, with thin seams of lignite. It testi- 
fies that a thickness of 500 feet, or more, of Laramie and Mon- 
tana (Fox Hills and Ft. Pierre) strata has been eroded from 
the surrounding region.* 

• "The Glacial Lake Agassis/' U. S, Gtol. Snrr.. Monograph XXV, 1895, 
pp. 80, 173. 



38 . The American Geologist . J^^^' i^^*- 

Around the Crazy mountains, prominently seen from Liv- 
ingston, where the Northern Pacific railway branch for the 
Yellowstone Park leaves the main line, much deeper general 
erosion of the Plains has taken place, to the vertical extent of 
3,000 to S,ooo feet. This group of mountains, about 30 miles 
long from south to north and 10 to 20 miles wide, rises in its 
highest peak 11,178 feet above the sea, being 5,000 to 6,000 
feet above the adjoining prairies. The structure of this moun- 
tain mass has been thoroughly studied by Dr. J. E. Wolff, who 
finds that it consists of late Cretaceous or early Eocene strata, 
mostly soft sandstones, nearly horizontal in stratification, named 
the Livingston formation, intersected by central volcanic out- 
flows and a network of innumerable radiating dikes.* The 
more enduring igneous rocks have preserved the mountain 
group, while an average denudation of nearly or quite one 
mile in vertical amount reduced all the surrounding country 
to a baselevel of erosion. Alluvial sedimentation on this area 
was rapid and deep while the neighboring Rocky mountain 
ranges, west of these Plains, were being uplifted; and the en- 
suing Tertiary erosion in baseleveling here greatly exceeded its 
volume from the country eastward. 

A hundred miles distant thence to the north, the Highwood 
mountains, about 30 miles east of Great Falls, having a hight 
of 7,600 feet above the sea or about 3,500 to 4,000 feet above 
their base, are described by Prof. W. M. Davis as displaying a 
similar structure, and therefore testifying likewise of great 

denudation.! 

It seems a reasonable estimate that the average depth of 
erosion from all this northern part of the Plains, stretching 
from the Red river valley to the Focky mountains, is at least 
i,ooo feet. Such a vast volume of detritus was carried away 
by the predecessors of the Missouri and Saskatchewan rivers 
and their tributaries during the Tertiary era, to be mostly 
borne forward to the sea by the great streams which represent- 
ed the Mississippi and Nelson rivers during that time. Thus 
it is seen that, if the Tertiary era had a duration of about 3,- 
000,000 or 4,000,000 years, as estimates of the ratios of geolo- 

* BuUctia, GeoL Society of America, toI. Hi, 1892, pp. 445.452. 

' t Mining Indnstries ot the United States. Tenth Cenaus, vol. xv. pp. 710, 
787, 745. See also the V. S. Geotof^c Altaa, Polios 1, 56 and 56, respectirelj 
the LfiTingston, Little Belt Mountains, and Ft. Benton Folios, by Walter H. 
Wbbd, mapping and describing; these two mountain groups. 
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gic time by Dana, Walcott, the present writer, and others, have 
indicated, the mean rate of denudation on the Plains through- 
out that era was approximately the same as now, or an average 
of one foot in three to four thousand years. 

Extensive Tertiary formations in the southern part of the 
Mississippi basin and along the Gulf border accord well with 
the foregoing estimate of erosion and resulting deposition. But 
northward, in the Hudson bay region, Tertiary beds are want- 
ing, which, with the similar general absence of Tertiary marine 
strata about the northern Atlantic and Arctic shores of our 
continent, implies for that great land .area an altitude through- 
out the Tertiary era above that of the present time. We may 
infer that the epeirogenic and orogenic movements originally 
forming the Great Plains and the Rocky mountains elevated 
this region much above its present hight; that during Ter- 
tiary time the Plains were cut down and mainly base-leveled, 
having at last, in the Pliocene period, only a moderate hight 
above the sea, so that their vast expanse was mostly reduced 
by its streams to a mature peneplain ; that in the early part of 
the Quaternary era it was again greatly uplifted, by another 
grand but slow epeirogenic movement, attaining its present 
eastward slope ; and that during the same time, and before the 
culmination of the Glacial period, the broad flat valley of 
the Red river of the North, and of the large lakes in IVTanitoba, 
was formed by stream erosion of the former eastern edg^ of 
the Plains, or, as we may better say, of the continuation of 
their Cretaceous area. 

Beneath the waters of Hudson bay and strait and of the 
North Atlantic lies the great tribute carried from the Rocky 
mountains and the Plains by the Tertiary and early Qua^ternary 
streams that now live anew, since the Ice age, as the Saskatche- 
wan, Red, and Nelson rivers. From the depths of fiords and 
of submarine valleys, as those of the St. Lawrence and Hud- 
son rivers, we know that this region was raised to a preglacial 
altitude of 3,000 feet, or more, higher than now, probably giv- 
ing the cold and snowy climate which induced glaciation. 

On the Cordilleran belt farther west, and along the Pacific 
border, far more complex conditions of erosion and marine de- 
position characterized these eras, which I hope to consider in a 
later paper of this series, dealing especially with the Puget 
Sound fiords. 
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ON THE PARAMORPHIC ALTERATION OF 
PYROXENE TO COMPACT HORNBLENDE. 

By C. H. Gordon, Seattle, Wash. 

A careful examination of the evidence thus far advanced 
to prove the derivation of compact hornblende from pyroxene 
is not altogether convincing since most of the phenomena ap- 
pealed to may be equally well explained on the theory of syn- 
chronous growth . Such for example are the occurrences cited 
by Hawes,* Irving, Van Hisef and others, of augite and com- 
pact hornblende side by side, or the latter developed in a zone 
about the augite Later G. H. WilliamsJ refers to the evi- 
dence adduced by these writers as lacking in proof, and pre- 
sents a case where a core of hypersthene is surrounded by a 
zone of compact biown hornblende, tongues and shreds of the 
latter extending from the outer rim all through the hypersthene 
core. Emphasis is also placed on the manner in which ihe 
minerals insensibly grade into each other, and on the presence 
of fine twinning lamellae which cut sharply across the minerals. 

Commenting upon this professor Iddings in his paper on 
the rocks of Electric peak and Sepulchre mountain, says :§ "It 
is self-evident that thin edged portions of minerals with sim- 
ilar indices of refraction, which wedge out against one another 
within the space of a rock section appear to pass into one an- 
other by insensible gradations of color. This can be observed 
in the case of inclined contacts between hypersthene and feld- 
spar in which case there is no suspicion of an actual transition 
of substance or intermediate stage of chemical character. There 
is no direct evidence brought forward in the paper cited to 
show by the crystal outline of the mineral that the original 
form was that of pyroxene as in the case of uralite. The whole 
argument seems to the writer to hang on the fact that the horn- 
blende penetrates the pyroxene in tongues and shreds in which 
respect it resembles the paramorphism of pyroxene to uralite. 
From the writer's acquaintance with instances of undoubted 

* Mineralogy and Lithology of New Hampshire, pp. 67, 206. Plate VJI. 
Pig. 1. 1878. Hawbs. G. W. 

t Geology of Wiaconsia, to!. Hi, pp. 170, 1880. Amer. Jour. Sci., rol. 26. 
3rd. Ser. p. 27. Ibid, toI. xxvii. 3rd Ser. p. 130. "Copper Bearing Rocks of 
Lake Superior," U. S. Geol. Svrv. Mon. X, p. 289. 

t Amer. Jour. Sci,, 3rd Ser., toI. xxviii, p. 269. 

S U. S. Geological Surrey, 12th Annual Report, Pt. I, pp. 610, et seq . 
Plate L, LI 
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intergrowths of liornblende with otKer minerals the last men- 
tioned argument for the paramorphism of compact hornblende 
from pyroxene does not seem to him to be sufficient. ... In 
cases where augitc is surrounded by or appears to pass into 
compact hornblende and neither mineral exhibits its charac- 
teristic cr>'Stal outhne in ^ny part of the rock under investiga- 
ti(m and the rock is unaltered the primar\' or secondary na- 
ture of either mineral may be questioned : for each mineral may 
be the result of the primary crystallization of the once molten 
magnia from which either of the two may separate before 
the other, or either may be the result of the alteration of the 
other, since the change of compact hornblende to compact 
augite occurs in the rocks already described . '' From the study 
of the synchronous development of various rock-making min- 
erals in pumiceous glassy lavas it is evident that caution must 
be used in referring occurrences of parallel intergrowth to 
paramorphic changes. 

Lawson* refers frequently to the presence of a lighter col- 
ored core in the hornblende as evidence of derivation from 
augite, while Winchellt has described with a like interpretation 
occurrences of dark green hornblende surrounded by or inti- 
mately intergrown with colorless portions, the former being 
by him considered as occupying the space of the original augite, 
and the colorless portions as having formed at the same time 
but entirely free from the influence of the augite. This con- 
troverts Williams' view that these so-called zonal hornblendes 
are the effect of dynamic action, as also that of Van Hise that 
they represent secondary growths. 

Briefly summarized the evidence commonly adduced for 
asserting the derivation of compact hornblende from augite is 
as follows: 

1 . The zonal arrangement of hornblende around augite 
and the presence of cores or fragments of augite in hoinblende 
individuals, (Hawes, Irving, Van Hise, Lawson, Winchell) . 

2. The intimate intergrowth of the two minerals (Wil- 
liams) . 

3 . The imperceptible gradation into each along their com- 
mon boundary (Williams). 

• Lawson, A. C, Ann. Report Geoi. Sttrr. Can,, New Ser., vol. iii, part 1, 
p. 126P. 

t WiNCHBLL, N. H., Geological Survex of Minnewofa, toI. v, 383. 
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4. The presence of a'common twinning plane (Williams) . 

5. Differences in the coloration of hornblendes; colorless 
within with dark green zone without (Lawson) ; dark green 
within surrounded by a colorless zone or the two intimately in- 
tergrown (Winchell) . 

With the exception of the last all the phenomena thus far 
considered may be paralleled in the igneous rocks in circum- 
stances which leave no doubt of the primary character of the 
hornblende as shown by professor Iddings in the rocks of Elec- 
tric peak and Sepulchre mountain. There is no reason to 
suppose that a like process of synchronous development may 
not have taken place in the recrystallization of the gneisses and 
other metamorphic rocks . In support of this is the occurrence 
described by the author* where the augite and hornblende ap- 
pear" as independent growths . Their idiomorphic form and 
their relations to each other and to adjoinmg minerals sug- 
gest independent growth. As against the hornblende being 
of magmatic origin we may note (i) its occurrence in the 
rock Which has suffered most from dynamic forces, and (2) 
the absence of idiomorphic hornblende in the least altered 
rock. While it may be assumed that the elements of horn- 
blende originally crystallized as augite it is evident that the 
change here is not one of paramorphism, but perhaps a more 
or less complete dissolution of the augite and a recrystalliza- 
tion of both minerals. 

Whether or not the conclusions in the above cited cases are 
correct does not now concern us. In many and perhaps in all, 
the inference seems a reasonable one, but it remains an infer- 
ence only, the evidence offered lacking the elements of con- 
vincing proof. Nor is such readily forthcoming owing to the 
lack of criteria v»hereby cases of derivation may be clearly 
distinguished from those due to synchronous growth as Id- 
dings has pointed out. 

There is one line of evidence,, however, that may be regard- 
ed as incontestable, viz., the presence of hornblende bands 
bordering irregular fractures in the augite. In the author's 
study of the syenite-gneiss of Canada such cases were ob- 
served under such circumstances as to make the conclusion 

* Sjenite-GneiBs (Leopard Sock) from the Apatite Resric^o of Ottainra 
Conn, Canada. Bull. Gcol. Soc. of Am., vol. vii, p. 118. 
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of alteration irresistible. In some cases areas of compact 
hornblende directly associated with the bordering bands of 
hornblende and evidently identical with them appear at inter- 
vals within the fractured zone. The hornblende occurs chiefly 
in that portion of the crystal which has suffered most from 
crushing. Standing alone this latter fact could not be regard- 
ed as conclusive e vidence of alteration since the position of the 
fracture may have been determined by the presence of original 
hornblende intergrown with the augite, but taken in connection 
with the bands bordering the fracture the whole seems to of- 
fer conclusive evidence of alteration. 

In descriptions of the crystalline schists there is a widely 
prevalent tendency to ascribe all the compact hornblende to 
the paramorphic alteration of augite on what, in view of the 
foregoing, seems to be insufficient data, and sometimes pure 
assumption. Without touching the validity of such views we 
would suggest that there is need of caution here and that the 
cause of petrography will be promoted by distinguishing clear- 
ly between cases that are reasonable inferences only and those 
that can be conclusively established ; while statements based on 
pure assumption 5hould be avoided. 

University of Washington, 



CONTRIBUTIONS TO MINERALOGY. 

By John Bybbm an, Easton, Pa. 

I. Some Zeolites from Moore Station, New Jersey. 

This locality, which is situated a few miles south of Lam- 
bertville along the Delaware river, bids fair to beccme as 
famous as the historic Bergen tunnel. The opening is operated 
by the Delaware River Quarry Co., and the material quarried 
is used chiefiy ^or road making and ballast. The rork is an 
overflow of plagioclase hornblende and pyroxene. 

Besides the zeolites, stilbite, natrolite, mesolite, and scol- 
ecite, there are pecolite, datolite, apophyllite, prehnite, light 
yellow calcite (scalenochedra common and of fair form up to 
50 mm.) epidote, cuprite, chrysocoUa, pyrite malachite and 
opal .' 

Stilbite: This is quite abundant and generally in large 
masses of crystals. Sheaf-like crystals and globular-radiat- 
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ing forms predominate, although the orthodome and prism and 
pinacoids are frequently found; the former measure up to 
35 mm., the single crystals up to 15 mm. Fan-like radi- 
ations incrusting the rock are quite common. 

Colors: milky white, gray, yellow, salmon, red-brown and 
brown 

Analyses, a, yellow; b, red-brown; c, grayish-*^ hite; d, 
flat radiations on granite from McKinnon's quarry, German- 
town, Pa. 
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•54 


2.70 


K«0 


1.65 






.40 


H3O 


14.67 


16.69 


16.87 


18.60 



99.34 9976 100.38 

Natrolite: Less common than stilbite, occurring in most 
beautiful snow-white radiating acicular crystals up to 15 mm. 
in length; base almost invariably of white calcite. An anal- 
ysis afforded: 

G. 2.228 

SiOa * 47.80 

AlaOs 27.19 

CaO 1.50 

NasO 11.62 

K2O 1.68 

H-O 9.99 



99.78 
Preiinite: Generally occurs massive in narrow seams; 
crystals rather rare ; color Nile green : 

Analysis of prehnite. 

G. 2.952 

SiOz 43.25 

AI2O3 20.29 

FeaOa 4.87 

CaO 26.76 

NaaO .59 

H2O 4.38 

100.14 
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II. The Easton Locality. 

The minerals of the syenite ridge and contiguous rocks 
have long been known to collectors. This belt, appearing 
in Warren Co., N. J., crosses the Delaware river a quarter 
of a mile above Easton and extends southwesterly a distance 
of three miles, thinning out at both ends. A belt of serpen- 
tine forms the south contact between the syenyte and a gray 
blue limestone of uncertain age. North of the sy«*nyte is 
found the same blue limestone which forms the southern con- 
tact. The minerals occurring here (those in italics being 
rarely found) are graphite, molybdenite (in precious serpen- 
tine), chalcopyrite, chakocite, pyrite, Huorite, galenite, gyp- 
sum, quartz, limonite, hematite, calcite, aragonite, hydromag- 
nesite, barite^ celcstite, strontiano-calcite, malachite, zircon* 
tremolite, actinolite, asbestus, mountain leather, pyroxene, coc- 
colite, sahlite, nephrite, serpentine, bowenite, tourmaline, 
topas, biotite, phlogopite, talc, orthoclase and prochlorite. 

Orthoclase: Being an essential constituent of the rock 
it is more or less common massive. Good crystals are occasion- 
ally found and two analyses are given, a creamy white, from 
Marble Hill, N. J . ; b, light-red crystal, from the ridge north 
of Easton. 

Analysis of Orthoclase. 

a b 

G. 2.609 2.597 

SiOa 65.73 66.14 

AUOa 17.21 18.96 

FCaOa 2.58 .62 

CaO 2.69 .08 

KaO 9.59 10-79 

NaiO • 2.41 3.00 

ign. .40 



100.21 99-99 

ToOrmaline: Generally occurs massive, imbedded in 
quartz, above the devil's oven, Bushkill creek, west of Easton* 
Good crystals up to 60 mm. showing a m planes are oc- 
casionally found, and an analysis of one of these crv.«tals is 
appended . Swne brilliant black striated crystals 40 mm . long 
have been found at Marble Hill, imbedded in orthocbse. 

* I taitve in my possession some darlc brown crystals donbly terminated of 
flne form 15 mm. lonf imbedded in biotite. 
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Analysis of Tourmaline. 

G. 2.991 

SiO. 35.57 

TiOa . 18 

B«0« 10.10 

AlaO* 24.72 

FCaOi 1 . 17 

FeO 9.40 

CaO 3.42 

MgO 8.29 

NaaO 2.10 

KiO .40 

LhO t- 

H2O 4.23 

F. undet. 



99.58 

Biotite: Very common, usually in small plates dissem- 
inated throughout the rocks of the serpentme belt. Good 
crystals are occasionally found and one large on^ in my 
possession measures 50 mm. in length. The smaller and 
more slender crystals are the most common, a^ silver-white; 
b light brown ; c, dark brown . 

Analysis of Biotite, 





a 





c 


G. 


2.712 




2.880 


SiOa 


41.07 


41.12 


40.32 


AUO. 


23.34 


17.23 


18.03 


K,0. 


4.35 


3.14 


5.80 


MgO 


23.00 


24.00 


24.79 


CaO 




.89 


.46 


Na,0 


1.60 


.42 


f 


K,0 


6.30 


9- 50 


10.50 


H,0 


.26 


3.56 


.25 



99.92 99.86 100.15 

Prochlorite : Analyses of decomposed and altered olive- 
green (a) and light-green (&) material from William's Bush- 
kill quarry afforded: 

a b 

G. 2.603 2.533 

Si02 33.96 34-01 

AI2O3 14.41 15.74 

FeO 3.81 5.70 

CaO .12 .14 
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MgO 34.20 31.20 

H2O 12.60 12.69 



99.10 99.48 

Amphibole: Many varieties are found, all more or less 

massive. Analyses of actinolite. (a) in grayish-green striated 

crystals from the Reservoir quarry, and asbestus (b) in 

long pure white fibres from the Delaware River quarry re- 

suited : 

a b 

SiO, 54.35 55.25 

FeO 2.27 2.18 

CaO 13.43 12.66 

MgO 28.05 30.19 

ign. 1.25 



99.35 100.28 

Serpentine : A large number of analyses have been made, 
three of which are here recorded: 

a. Pure white variety, resembling c in associatiori. color, 
texture and grain; b. An altered aluminous variety, foliated; 
both from Williams' Delaware quarry, and c, The socalled 
meerschaum from Middletown, Delaware Co. 

a b c 

G. 

SiOa 

AUO, 

FeO 

CaO 
MgO 

Na,0 

H,0 

100.66 99.26 99.11 

Of the many minerals found in the serpentine he-It, as 
might be expected^ the majority are more or less altered, and 
pseudomorphs are not uncommon. 

III. Garnet. 

In my account of the mineralogy of the French Creek 
mines (Trans, N. Y. Acad. Sci., viii, 1889) I mention 
lime-iron garnets as occurring in considerable quantities at 
shaft No. I. These occur in large groups of dodecahedral 
crystals with truncated edges, single crystals varying in size 
from 5 to 25 mm. ; color very dark brown; fracture resinous. 



2.363 


2.718 




44.21 


39.83 


44.58 


2.72 


6.39 


tr 


.52 


1. 71 


2.13 


.24 


.07 


tr 


40.55 


39.92 


39.49 


« 


I. II 




12.42 


10.23 


12.91 
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(a) French Creek. This variety is also fairly abundant at the 
Franconia Iron mine a mile and a half from Sugar Hill P. O., 
N. H., associated with epidote and hornblende (&) . I also give 
an analysis (c) of the variety almandite containing consider- 
able manganese and found in large dodecahedral crystals with 
truncate edges at Bishop's Mill, Middletown, Delaware Co. 
Color: dark brown. 





Analysis of garnets. 






a 


b 


c 


G. 


3.719 




3.991 


SiO. 


35.42 


35.65 


36.22 


AUO, 


8.51 


3.76 


24.58 


Fe^O, 


21.04 


25.59 




FeO 






30.71 


MnO 


9.88 


1.82 


8.97 


CaO 


25.67 


32.96 





100.52 99.78 100.48 

IV. Genth*s Undescribed Zeolite. 

Dr. F. A. Genth in his Mi^icralogy of Pennsylvania (p. 
no.) gives an analysis of an undescribed zeolite having an 
inclusion of calcite (fc). Several years ago I obtained a small 
quantity of material, consisting of badly distorted crystals, 
but undoubtedly tetragonal and resembling the apophyllite 
from French Creek. Color: white, transparent; lustre: vitre- 
ous. H. 4-4.5 ; Gr. 2.609. I^-^- easily fusible, becoming 
opaque, and giving alkaline reaction.. Calcite not present. 
An analysis a aflForded 

a b 

SiOz 39.53 43.36 

AI2O, 26.38 28.78 

CaO 14 89 10.95 

Na^O .87 .68 

K2O 2.22 1.38 

H2O 16.59 15.52 

100.48 100.67 

It is evident that Dr. Genth's zeolite is different from the 
one under consideration, but until more and better developed 
crystals are obtained it is useless to ascribe it to anv known 
species and still less so to assume that it is new. The material 
analyzed, however, was entirely pure. 
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IN THE MATTER OF THE PERMIAN FISH 

MENASPIS. 

By Bashford Draii» New York. 
PLATE II. 

Among fossil fishes Menaspis has been the source of con- 
siderable discussion. For, while it belongs, generally speak- 
ing, within the interesting circle of the more ancient sharks, 
it shows structures which are so puzzling one does not wonder 
that ver\' discordant views have been held regarding its posi- 
tion in the svstem of fishes. 

Thus, Ewald early maintained that it was akin to Cepha- 
laspis. Jaekel, on the other hand, contended that it represented 
a ''Trachyacanthid," that is, a "placoid" connected with Coch- 
liodus, Oracanthus, Sandalodus, Onchus.* Among other ex- 
perts, A. Smith-Woodward has regarded it as an armored 
shark of "some unknown group," and Reis has placed it near 
the xenacanthids, i.e., ichthyotomous sharks, but later empha- 
sized its chimaeroid characters. The discussion, however, has 
subsided during the past decade, and it is only in the light of 
an undescribed fossil and after a re-examination of the valu- 
able chimaeroid material in the British Museum, and in the 
Palaeontological Museum in Jermyn street, that the present 
writer has been led to reopen the question of its relationships. 

Menaspis is remarkable on two main grounds. The head 
region. Fig. lA, is surmounted by what appears to be a series 
of paired spines (some of which are of a kind apparently un- 
known in any fishlike vertebrate) which pass from the region 
of the mouth backward on either side in a graded series. 
Second, the region which has been regarded as the trunk is en- 
closed in broad, almost plate-like tubercles, of which a posterior 
pair protrudes backward, Fig. lA, O, suggesting somewhat the 
posterior rim of the shoulder armoring in an Ostracophore . 
These features, it may be remarked, are fully taken into ac- 
count by professor Jaekel in his description (1891) of the im- 
portant example of the fossil noticed by Giebel and Ewald. 

«To Jaekel, in short, it typifies a stage in the phylogeny of fishes where 
Uie dentition was plate-like and permanent, and where the dermal armoring 
was grradmlly becoming reduced in transition from the plated paleozoic 
fishes to the shagreen coated sharks. He later ('99) shifts his ground and 
adfloits that Trachyacanthids may occupy a position intermediate between 
jfaarks and chimsrolds. 
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And it is these features, in fact, that have furnished the basis 
of later discussion. 

One naturally reasons, a priori, that the key of the puzzle 
of Menaspis will be forthcoming when abundant and better 
preserved specimens are secured. But this reflection gives 
little comfort when for a decade no satisfactory material has 
been brought to light. There is thus, as far as I am aware, 
but a single additional specimen to be drafted into the dis- 
cussion. This, it may be mentioned, has been secured by the 
Prussian palaeontological museum. And it is primarily from 
the examination of this specimen which, thanks to the courtesy 
of professor Jaekel, the present writer had the privilege of 
examining during a recent visit to Berlin, that the following 
notes are suggested. 

The undescribed specimen is of especial value since it pre- 
serves the dental plates. And from the size of these elements 
one is led to conclude that the head could not have been en- 
closed within the region suggested by earlier authors, mid 
that, accordingly, the posterior spines, hitherto regarded as of 
the hinder trunk region, mark in reality the region of the oc- 
ciput. This view is indicated in the accompanying restoration, 
Fig. lA, which has been based upon a combination of the 
contours of the earlier and newer specimens. Confirming this 
view, moreover, is the presence of the mucous canals already 
described in Jaekel's (1891) paper. Two of these are present 
on cither side of the head, Fig. lA, MC, one representing the 
frontal canal, the other the supraorbital. Two additional 
points strengthen the newer interpretation, first, the presence 
of shagreen tubercles lying at the side of the fossil, as pictured 
by Jaekel, and second, the position of the bases of the fins, as 
also given in the cited work. In the first regard, it may be re- 
called, Jaekel maintained that these shagreen plates are widely 
displaced, having been crushed into a lateral position during 
the process of fossilization : according to the present interpre- 
tation, these plates, Fig. lA, L S, remain in approximately 
their normal position, as the only remnants — somewhat denud- 
ed, but corresponding in arrangement with those on the op- 
posite side of the body — of the armoring of the trunk pre- 
served on this side of the fish. In the second regard, it will 
be seen that the pectoral fin is in its usual position with respect 
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to the head.* According to Jaekel's interpretation, on the 
other hand, a large gap must have existed between the head 
and the pectoral region, and consequently, there was present, or 
might have been present, a greater number of gills in this 
form. One observes, furthermore, that in the present render- 
ing the ventral fin occurs in the position in which it usually 
occurs in shark-shaped fishes. In Jaekel's interpretation, on 
the contrary, they must have occupied a position far back on 
the trunk, in the neighborhood, in fact, of the caudal fin.t 
Jaekel infers that a dorsal fin could hardly have been present 
in Menaspis. If, however, the present explanation is just, a 
dorsal fin may well have existed, although it has not been pre- 
served in the type fossil. Its position is suggested by a dotted 
line in the restoration, DF, and the line of shagreen denticles 
shown in the fossil may have passed beside it, as in the case of 
chimaeroids. both living and fossil . 

The dental plates shown in the Berlin specimen, together 
with the entire fossil, will, it is to be hoped, be shortly figured 
by professor Jaekel, so that their more definite relations (e.g. 
to Deltodus and similar forms) may be accurately determined. 
I may, however, be permitted to note that they are strikingly 
chimaeroid in character, reminding one of Rhynchodus, al- 
though showing no conspicuous tritoral areas. In any event, 
the number of these plates is but four, as in the Devonian 
chimaeroid. 

Menaspis and its Relation to Chimaeroid Fishes. 

If Menaspis, a Permian form, be closely related to chimae- 
roids, it possesses the interest of being the earliest representa- 
tive of this ancient group whose body structures are preserved. 
And that it is essentially chimaeroid is shown from the follow- 
ing grounds : 

(i) Resemblance to Myriacanthids. — Thes«r Mesozoic 
chimaeroids possess a series of lateral head spines which agree 
essentially with those indicated by M.S., C C^ and C^, in the 
present restoration, Fig. lA. Especially convincing is the sim- 
ilarity of the anterior lateral spines in myriacanthids and Men- 
aspis. In the later form, however, the extreme rim of the 

* The left pectoral fin In the first specimen appears to have been bent 
tinder the body, and has been partly exposed by the breaking away of tht 
npper portion of the fos»sil, judging from Jaekel's fignre. 

t He does not explain, however, how this tallies with his view that Men- 
aspis was ray-like in habit. 
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spine is provided, naturally perhaps, on account of its more 
recent appearance, with more highly differentiated denticles, 
Cf. Fig. iC. The lateral head spine of myriacanthid has hith- 
erto been regarded as a "dermal plate"* and its projecting den- 
ticles have not been perfectly preserved. The writer is, ac- 
cordingly, greatly indebted to professor E. T. Newton of the 
Palaeontological Museum in Jermyn street, for the privilege 
of examining an unfigured specimen of "Progitathodus gun- 
theri" (Myriacanthus paradoxus), from the classic locality at 
' Lyme Regis, which shows these antero-lateral spines in ap- 
proximately their natural position. One observes in passing 
that the spines in this specimen had a well marked basal re- 
gion ensuring their firm attachment, and we have thus addi- 
tional evidence for regarding the group of trachyacanthids as 
an artificial one, Jaekel having maintained that the lateral head 
spines of Menaspis, which are closely to be compared with the 
present spine of myriacanthids are practically without basal 
expansion. 

(2) Dentition. The dental plates, as above noted, are 
four in number, and agree essentially with those of Rhyncho- 
dus. One notes, in this regard, the peculiar ridge passing 
along the buccal face of the plate, which finds its apparent 
homologue in many chimaeroids. How closely its tritoral 
elements correspond remains to be determined by histological 
study. Moreover, as here denoted, the plates agree with those 
of chimaeroids in their proportion to the size of the head. 

(3) Dermal scutes. — These agree in essential characters 
with those of Mesozoic chimaeroids, notably Squaloraja. 

(4) Relations of the mucous canals. — These are denoted 
in the restoration and will be found to agree essentially with 
those of chimaeroid. (Cf. Fig. iB.) They are. moreover, 
open canals as in recent chimaeroids, 

(5) Characters of the paired fins. — The basal elements 
resemble strikingly those of Squaloraja. 

(6) Disposition of the so-called paired head spines de- 
noted by I, II and III in the restoration, Fig. lA. — These 
structures, shown by Reis to be fibro-cartilage rather than 
vaso-dentine, apparently correspond to the so-called lip cartil- 
ages of Squaloraja. They are, it is true, unjointed, but from 

♦Both Woodward and Jaekel have indicated that these spines may have 
had their position on the sides of the head, Oi-acanthus-llke. 
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their rounded bases, as is well shown in the type specimen, 
they were evidently movable. In point of size, moreover, they 
best correspond to the elements referred to in Squaloraja. 
Such structures would, moreover, be apt to take a position 
dorsal to the antero-ventro-lateral head spines during the pro- 
cess of f o^silization . 

The above considerations lead us, accordingly, to infer 
that Menaspis, although showing a number of shark-like fea- 
tures, was an early chimaeroid. Its likeness to chimaeroid 
rather than to shark is shown notably in the dentition, in the 
character and disposition of the lateral head spines, and in the 
remarkable paired "spines" which may be compared to the 
"labial" structures of Squalorajid. Conclusive proof of its 
chimaeroid affinities, however, will be lacking until it can be 
shown that the erectile frontal spine was present in the male 
(the type specimen may have been a female), and that it pos- 
sessed a dorsal fin-spine and the peculiar vertebral-column 
known to have been possessed by chimaeroids from raesozoic 
times. The evidence for the present interpretation of Men- 
aspis is at least adequate, I conclude, to enable us to inter- 
pret the most troublesome features of the fossil. It is no 
longer a nebulous "trachyacanthid" with vague affinities to 
doubtful early groups, but instead, a form well proportioned. 
(C/. Figs. I A and B), after the fashion of shark or chimae- 
roid, but with its major features allying- it with the latter 
group. It is remarkable in the possession of well-marked lat- 
eral head spines, and in a series of three pairs of greatly elon- 
gated and curiously unsegmented spine-shaped cartilages. In 
the former regard, agreeing with older chimaeroids, it presents 
more specialized dermal developments than are known to have 
been developed in the contemporary sharks. In the latter re- 
gard it is certainly extraordinary, although, as above noted, 
somewhat similar structures exist in Squaloraja. In short, 
we reasonably conclude that in Menaspis there is preserved 
a Permian chimaeroid representing a distinct family (Men- 
aspidae A. S. W.) provisionally to be placed near the Myria- 
canthidae and Squalorajidae. The larger question of the re- 
lationships of the chimaeroids need hardly enter into the pres- 
ent discussion . It may be enough to indicate that in the mat- 
ters of dermal defenses and teeth the Permian chimaeroids re- 
semble the contemporary cestraciont sharks. 
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REVIEW OF RECENT GEOLOGICAL 
, LITERATURE. 



Contributions to the Geology of Washington: Geology and Physiog* 
raphy of Central Washington. By George Otis Smith. Physiog- 
raphy and Deformation of the W cnatchee-Chelan District, Cascade 
Range. By Bailey Willis. U. S. Geol. Survey, Professional Pa- 
per, No. 19. Pages loi, with 20 plates and 3 figures in the text. 
1903. 

The first part of this work comprises 39 pages, with seven plates, 
in which Dr. Smith shows that the region of the Cascade range in 
Washington, after the eruption of its great lava flows of Miocene age, 
^ was reduced by general erosion in the Pliocene period to a low pene- 
plain, which, toward the end of that period and later, was uplifted to 
form the Cascade range, with great erosion during the uplift and to 
the present time. These studies supplement the former work of Rus- 
sell, and confirm his estimate that the maximum vertical extent of the 
late Pliocene and Pleistocene uplift was about 7,500 feet along parts of 
the axis of the range. 

The uplift appears to have been a broad upward flexure or arch- 
ing of the earth's crust upon an area averaging about a hundred miles 
in width and extending from south to north across the state of Wash- 
ington. On the eastern slope of the range, extensive warping produced 
broad buttresses, one of which is represented by the Wenatchee moun- 
tains, culminating in Mt. Stuart, 9,470 feet high, fifteen miles east of 
the main crest of the Cascade range. 

South of the Wenatchee mountains, minor ridges, from 2 or 3 miles 
to 10 miles or more in width, running easterly from the Cascade range, 
were gently arched to hights of 1,000 to 3,000 feet above the valleys; 
and the Yakima river intersects several of these ridges in its canyons 
below Ellensburg. This river, like the Columbia in its cutting through 
the high Cascade range, remains in the same course which it had before 
the complex uplifts and warping of the Miocene and older eruptive and 
sedimentary rock formations. The rivers are older than the mountains. 
Willis, in the second part of this work, discusses the evidences of 
these great events in the history of the Cascade region as observed by 
him in the district of the Wenatchee, Entiat, Chelan, and Mcthow 
mountains, eastern buttresses of the great main range, with the valley 
gorges or canyons of lake Chelan and the Columbia river. He esti- 
mates the area of the Cascade uplift in Washington to be about 20,000 
square miles. Its time of broad erosion, producing a low peneplain with 
monadnocks, is named by Willis the Mcthow stage, and is considered 
as a part of the Pliocene period. Two stages of uplift, named the 
Entiat and Twisp stages, are recognized, and are referred to the end 
of the Pliocene period, with probability that they extend i:ito the Pleis- 
tocene period so far as to include the time of accumnlation of the 
continental ice-sheet. 
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To the reviewer, these uplifts seem capable of correlation, in respect 
to their time and origin, with the latest uplifting of the^ region traversed 
by the Colorado river in its grand canyon, with the latest elevation 
and eastward inclination of the great plains east of the Cordilleran 
mountain belt, and with the epeirogenic uplifts of North America and 
Europe that are made known by their deep fiords and submarine val- 
leys. The broad continental uplifts, contemporaneous with the Cas- 
cade orogcnic movements, were doubtless the chief cause of the gla- 
ciation of both continents. • w. XJ. 

Christian Faith in an Age of Science. By William North Rice. Crown 
Octavo, pp. 425. New York. A. C. Armstrong and Co. 1903. Net 

$1.50. 

This book is written from the standpoint of a scientific Christian 
scholar, whose capdor and acumen, the result of scientihc training and 
long and wide study, have brought forcibly to his mind the apparent 
non-agreements between science and some popular Christian beliefs, 
and whose Christian faith has spurred him to hold on to the fundament- 
al principles of Christianity. He allows those biblical corrections whicn 
have been made necessary by late criticism, but shows th?t they do not 
affect the main scope and purpose of the biblical revelation. They are 
inherent in the human vehicle in which the revelation is made. In 
other words, the scriptures are not inerrant. 

The writer has read the volume entire, with much satisfaction and 
sometimes with delight. The book is destined to be of great service 
to the thoughtful scientist, whether Christian or agnostic. It has 
a wide sweep of discussion. Its style is simple and its statements are 
candid and fearless. It will not please everyone, for it leans in some 
parts, so far away from some of the accepted doctrines of the church 
that strict adherents of the dogmas will denounce it as non-Christian, 
but its close bond with modern science will win for it and for Christian- 
ity the confidence of the earnest and thoughtful of all readers. The 
author combines in his personality the qualities of an able and fearless 
seeker after truth in the science of the day, and of a reverent and firm 
believer in God and his immanence in nature, and in the essentials of 
Christianity. ^ N. h. w. 

The Cambric Dictyoncma Fauna of the Slate Belt of Eastern New 

York. By Rudolph Rudemann. New York State Museum Bulletin 

69, 1902 (1903)- 

This paper is of much interest to American and Canadian geologists 
as it contains a very "full discussion of the relation of the Dictyonemi 
zone to the Cambrian and Ordovician systems. 

The author gives an account of the position of this band in Scandin- 
avia, and the elaborate studies Linnarsson, Tullberg, Lundgren and 
Brogger upon its fossils, and its relation to the Cambnan types below ' 
and Ordovician above. "The northern European palaeontoiogists almos* 
without exception, have agreed" to place this band as the "termination 
of the primordial (Cambrian) fauna.'' 
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On the other hand, the English geologists, including Prof. Geikie, 
still include in the Cambrian the next group (Tremadoc) above this 
band, though Brogger and others show that the palaeontological evi- 
dence is against such a decision. The use of the term Cambrian is 
based on historical usage, and the acceptance of the Arenig fauna 
as the base of the Ordovician. 

Dr. Rudemann, from the conditions at Navy island, in the St. John 
basin, finds evidence (shown by Matthew) that the Dic^onema zone 
should be included in* the Cambrian; but he holds with the continental 
palaeontologists that the division line for the summit of the Cambrian 
should be drawn at the top of this zone. He alludes in terms of ap- 
proval to the work of Ells and Ami on the rocks of the Quebec group 
in the typical region, but he probably misunderstands Ell«' table of the 
diAMsions in these rocks in attributing the two lower to Lower Cam- 
brian on account of remains of Olenellus thompsoni. Ells' meanitig 
probably is that the fossils are contained in the pebbles of the con- 
glomerate in division 2, in which case these divisions are not neces- 
sarily Lower Cambrian. 

Rudemann's result would appear not to agree with C. D. Walcott's 
opinion of the limit of the Cambrian (see page 953, fourth paragraph), 
for he, Walcott, would include the Dictyonema zone in ihe lower Or- 
dovician. Moberg has suggested a similar view of this .Tone in Scan- 
dinavia, but, as Rudemann has shown, it does not apply in America. 

Dr. Rudemann seems to think it will be possible to divide the Dic- 
tyonema zone in America into two or three sub-zones, as has been done 
for that of Europe in Sweden. 

Three plates are given to show the lithological aspect of the Dic- 
tyonema beds on the Hoosic river in New York. The article is pre- 
liminary to a work on the graptolites of New York by this author. 

G. F. M. 
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Eruption of Maun a Loa, 1903. On Monday afternoon, October 5, 
1903, as the British ship Ormesery was approaching the. west coast of 
Hawaii, the sea was observed to be boiling as though from great springs 
beneath the surface. The temperature increased perceptibly and the ship 
received a shock as from a tidal wave from the coast. The ship was 
forced astern by the impact. When land was sighted during the early 
afternoon of Tuesday, October 6, IQ03, a column of smoke was noticed 
rising from the summit crater of Mauna Loa. First mate Carter who 
made the observation described the column as about two miles high and 
three-fourths of a mile wide. 

Late in the afternoon of Tuesday, October 6, the officers of the Orm- 
esery observed what seemed to be a stream of lava flowing down the 
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sides of the mountain. The smoke cloud reflected the glow of the fires. 

Surveyors Baldwin and Dodge reported what seemed to be a flow 
among the small cones on the southwest of the mountain, going towards 
Kahuku along the general line of the flows of 1868 and 1887- This 
flow was probably lost among the many cones and chasms of that slope 
as it was soon lost sight of. 

The smoke from the summit crater rose in three columns, two small 
on;s and one large one. The columns were aligned almost due east and 
west. The larger column was on the east towards Hamakua. The col- 
umns as they rose united to form one great column that rose to a great 
hight and in some cases spread out like a great umbrella, the under pan 
reflecting the dull glow of the lires beneath. 



Broption or Mattoa Loa, October, 1903. 

Many wild stories were circulated, and among them w:;s one, of 
some ranchmen, that the lava was overflowing the crater wall at the 
lowest point and flowing down towards south Kana in the general line 
of the flow of 1859. This report, although verified by twj different 
parties, is probably not correct. The persons (ranchmen) may have 
seen what appeared to be 3 flow over the wall, but was simply a crack 
filled with hot lava that fciled to find an outlet. It seemed to be along 
the line of ivenknes? where you might expect such p 
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Ths lava in the crater showed along a line running through the 
crater northwest to southeast. There were three principal fire-fountains 
from which the lava flowed over the crater floor. Steam issued in all 
directions over the whole crater floor, with an area of (three miles by 
two and one-half miles) seven and one-half miles. It is said that the 
crater floor rose 300 feet and then settled back to its old level. 

On Monday, December 7th, at 10 p. m., the last glow from the fires 

was seen and then blackness settled down over the mountain top. 

Edgar Wood. 
To C. H. Hitchcock, Hanover, N. H. 

The Dolomvtes of Eastern Iow.\. The experimental work in this 
investigation was done by Grace D. Bradshaw in the chemical labora- 
tory of Cornell College. The purpose was to determine whether the 
silica exists in a free condition, or is in the form of a silicate; also to 
ascertain whether the iron is in the ferrous condition as carbonate, or 
is in the form of ferric oxide. The rocks abound in many parts of Iowa 
and belong to the Niagara formation. The stratified character, even in 
a small field section, is apparent, and the layers differ somewhat in 
composition as show^n by the varying amounts of iron visible in differ- 
ent portions. The rocks are used as building stone to manufacture 
quick-lime, and in McAdam paving. 

To answer the first question as to the condition of the silica six pairs 
of determinations were made as follows: 

(a). A gram of the finely powdered rock was placed in a small 
beaker, and covered with a watch glass, a small quantity of dilute hy-' 
drochloric acid was added and the carbonates were dissolved by careful- 
ly heating to the boiling point. The insoluble portion, which is the sili- 
ca, was filtered off, dried in an air bath, and the weight determined. \ 

(b). A gram of the fine powder placed in a porcelain evaporating" 
dish of loocc. capacity was treated with dilute hydrochloric acid, and 
covered with a watch glass. It was warmed on the water bath until 
there was no further evolution of carbon dioxide. The watch glass 
was removed and the dish was kept on the water bath until crystals 
began to appear. Then as the drying continued, the substance was con- 
stantly stirred with a glass rod until a fine dry powder resulted. The 
powder was then moistened with a few drops of concentrated hydro- 
chloric acid, and 20cc. dilute hydrochloric acid (equal parts of concen- 
trated hydrochloric acid and water) and about the same quantity of 
water were added. The contents of the dish were then fihercd and the 

The results for the two methods were as follows: 



silica determined. 




(a). 


I). 


0.78 i 


2). 


0.76 " 


.3). 


0.81 " 


4). 


0.87 " 


.0. 


0.94 " 


6). 


0.94 " 





(b), 


I). 


075 


2). 


0.90 


3). 


0.85 


4). 


0.91 


5). 


0.87 


6). 


073 



• f 
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The treatment described under (b) would decompose a silicate, 
while the method under (a) would not. As the two series of results 
are fairly concordant, the conclusion is that the silica exists as a fine 
sand disseminated through the rock. A private communication from W. 
H. Norton, of the Cornell College department of geology, states that 
he came to the same conclusion while studying the rock with a petrolog- 
ical microscope. The method described under (a) is simpler than (b), 
and the work can be done in a much shorter time. It is therefore to be 
preterred in the analysis of rock of this kind. 

2. The condition of the iron. 

A gram of the substance was introduced into a flask of I20cc. capa- 
city, fitted with a bulb tube and Bunsen valve to prevent oxidation of 
the iron. It was dissolved in dilute hydrochloric acid. A few drops of 
the cooled solution were then withdrawn with a capillary tube and tested 
with a crystal of potassium ferricyanide. No suggestion of a blue color 
resulted, showing the iron to be in the ferric condition. This increases 
the value of the rocks as a building material, as ferrous carbonate is an 
unstable substance with a tendency to change to the ferric condition. 
A complete analysis of the specimen resulted as follows: 

CaCOs 53.62)^ 

MgCCb 44.96^ 

SiOa 0.83^ 

ALOs o.25J< 

FCjOa 0;34^ 

Total loo.ooJ^ 

The specimen is nearly a true dolomyte which contains: 54.35 per 
cent calcium carbonate, 45.65 per cent magnesium carbonate. 

This method of analysis was employed : After removing the silica 
according to (a), a gram or two of pure ammonium chloride was added 
to the filtrate to prevent the precipitation of magnesium. It was then 
heated to boiling and a small excess of ammonia added which precipi- 
tates iron and alumina. They are determined together and then dis- 
•solved in the crucible with warm hydrochloric acid. The solution is 
treated with caustic potash which precipitates the iron and dissolves the 
alumina. The iron is filtered off and discarded because it can not be 
thoroughly washed from the caustic potash. The filtrate is slightly acid- 
ified with hydrochloric acid and the aluminum is precipitated with 
freshly prepared ammonium sulphide. The precipitate when heated in a 
crucible becomes AUOs. The filtrate from the iron and alumina, con- 
taining calcium and magnesium, is heated to boiling and precipitated 
with an -^ solution of ammonium oxalate, care being used to avoid 
much excess of the reagent. Tlie precipitate was allowed to stand 
eight to twelve hours before filtering. The well washed precipitate of 
calcium oxalate containing also a small quantity of magnesium oxalate 
was dissolved in warm dilute hydrochloric acid and the solution was 
made alkaline with ammonia. This precipitates the calcium oxalate and 
leaves the magnesium in solution. This, with the main portion of the 
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magnesium contained in the filtrate, from the calcium-magnesium is pre- 
cipitated as magnesium ammonium phosphate and weighed as magnes- 
ium pyro-phosphate. Nicholas knight. 
Cornell College, Mount Vernon, Iowa. 

Surface Deposits of Western Missouri and Kansas Beginning 
in western Missouri and extending into Kansas, there are found along 
the valley of the Barais des Cygnes occasional deposits of partially 
rounded flint gravel often about two inches in diameter but generally 
smaller. These deposits generally are found on hills or in valleys at an 
elevation above all known high water and are frequently associated ^ 

with red clay. In the eastern part of Bates county these gravel beds -^ 

are found upon hills over 200 feet above the Marais des Cygnes valley i- 

or 800 or 900 feet above the sea. Such deposits occur at the head of > 

Panther creek on the higher lands of Bates county. Ne:.r Carterville 
on high ground and at Carthage 80 feet above the valley of Spring 
river, and at Nevada, Mo., such gravel deposits occur. Considerable 
quantities of flint gravel are found on the high lands of Miami county, 
Kansas, near the Missouri line. In Miami and Anderson counties, 
Kansas, gravel beds exist on the upper terraces of the Marais des 
Cygnes and its tributaries, and it is found nine feet thick on ridge be- 
tween the Marais des Cygnes and Pottawatomie rivers and over fifty 
feet above the valley of the latter stream. In Kansas along the 
Marais des Cygnes there are two well defined terraces, one at 20 to 40 "t 

feet above the stream, the other about 50 feet higher. The lower is 
rich with alluvial deposits, the upper valley often wide overspread with H 

clay and with water worn gravel beneath. The second terrace is about 
900 feet above the sea. On the higher ground south of Gimett, Kansas, ^^ 

the gravel seems everywhere to be present at a general elevation of '" 

about 1,050 feet above the sea. In the valley of the Neosho, at Neosho 
Falls, one finds a deposit of sand and gravel several feet in thickness, 'C.k 

lying at an elevation of 1,000 feet above the sea or 30 feet above or- X 

dinary water of the Neosho river. Further north, at Butlington, thick 
gravel deposits are reported, also south of Emporia. Similar deposits ?r 

I have observed near the Verdigris at Toronto and above all known 
high water of that stream. Farther west, on Fall river, at an eleva- 
tion of 1,100 feet above the sea, and higher than all known water of 
the river there are deposits of flint gravel, the quantity seeming less ! 1 

at the western outcrops. Sc 

Extending into Kansas from the south and near the line of Cowley, 
Elk, Chautauqua, Butler and Greenwood, and northwardly towards Em- I . 

poria, there is a higher ridge known as the "Flint Hills." This is much .r 

higher than the country lying east or west and is covered with partially ^ 

rounded but mainly angular fragments of flint. The solid strata of this 
ridge are of Permian age, excepting near the line of Elk and Cowley, |' 

where the base is of well defined upper Coal Measures strata. The 
eastern escarpment of the ridge in this vicinity is well exposed and »,. 

from the plains, five miles east, the rise is 300 to 400 feet lo the crest of 
the ridge. On the west, the country slopes off gently for 20 miles to s. 
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the general surface west. From the prevalence of Permian strata, I 
have elsewhere applied the term "Permian mountain" to the ridge. The 
loose flint is of the upper Carboniferous age and some may be Permian. 
The ridge varies from 1,500 to 1,700 feet elevation above the sea along 
the line of Cowley and Elk, the highest point being near ihe southwest 
corner of Greenwood county, and 1,565 near the southwest corner of 
Elk county. The elevations are closely correct being taken when I 
was in charge of a railroad survey across Kansas in i87> 

These flint beds look to a former period when this ''ountry was at 
least partly covered with water, and in the process of subsiding, the 
gravel beds were deposited, probably by moving currents originating 
from the melting in the north of the ice after the close of the Glacial 
period. c. c laJOADHEAD. 

Columbia, Mo. 



PERSONAL AND SCIENTIFIC NEWS. 



^^R. G. E. CoNDRA has been appointed professor of geol- 
ogy at the University of Nebraska. 

Professor W. P. Blake of the University of Arizona, is 
spending the summer vacation at Mill Rock, Conn. 

The degree of doctor of laws was conferred on T. C. 
Chamberlin and S. L. Penfield by the University of Wiscon- 
sin at the recent jubilee celebration. 

Dr. F. J. H. Merrill retired from the position of state 
geologist of New York June i, and has opened an office in 
New York for the practice of economic geolog^^ 

Professor W. H. Pettee of the department of mineralogy 
and economic geology of the University of Michigan died 
suddenly at Ann Arbor, May 26, at the age of sixty-five years. 

Dr. C. H. Gordon who has been acting professor of geo- 
logy in the Washington State University during the past year 
has accepted a call to the chair of geology in the Xew Mexico 
School of Mines. 

Professor Henry Landes, head of the department of geo- 
log\' in the Washington State University, who has been absent 
studying in the University of Chicago during tlic past year 
' will resume his work in Seattle next year. 

T, C. Hopkins, Professor of Geology at Syracuse 
University, is doing geological work in California this sum- 
n^er, preparing a bulletin on Structural and Industrial Ma- 
terial for the State TUireau of Mineralogy. 

Professor Samtkl Calvin hns resigned the position of 
St^te Geologist of Iowa. At the meeting of the Irwa Geolog- 
ical T>oard on the 4th of June the resignation was accepted 
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to take eifect July i. Dr. Frank A. Wilder, Profe?;Sor of Eco- 
nomic Geology in the University of Iowa, was elected as 
Professor Calvin's successor. 

The legislature of Connecticut at its last session or- 
dered a geological and natural history survey. The board of 
commissioners embraces the governor and the presidents of 
four colleges, viz: Yale, Wesleyan, Trinity and the Connec- 
ticut Agricultural College. Professor W. M. Rice of Wes- 
leyan L'niversity, has been appointed superintendent of this 
survey. The present appropriation is $3,000 for two years* 
work. But there is great probability that this will be in- 
creased by the next legislature. 

Wanted: Economic Geologist and Paleontologist to take 
charge of field party investigating stratified economic deposits 
of coals, irons, clays, etc., of the Philippines, and to perform 
necessary laboratory and office work in study of fossils and 
preparation of bulletins and reports; experience in sbft coal 
preferred. Must be graduate, of thorough training, young, 
and of robust health, and must satisfy United States Civil 
Service Board of qualifications before appointment. Salary 
for first year two thousand dollars with field expenses. Leaves 
of absence granted. Opportunities for original work excel- 
lent. Address, giving complete details and recommendations, 
to avoid loss of time by correspondence, the Chief of the Min- 
ing Bureau, Manila, P. I. 

At the alumni dinner of the State University of 
lowA^ the former students of professor Samuel Calvin, to the 
number of over two thousand, united in the commemoration 
of the completion of his thirtieth year in a professorship at 
that institution. Tlie recognition took the form of a costly 
silver loving-cup, designed especially for the purpose of sym- 
bolizing the scientific achievements of the recipient. The cup 
is a classic Greek vase sixteen inches in hight, and stands on 
a base of serpentine five inches high. It is adorned with casts 
taken directly from fossils, with a drainage-map of Iowa, with 
crossed geological hammers, a microscope, and the more con- 
ventional spray of laurel, owl of wisdom and torch of learn- 
ing, — all in relief. One side bears an appropriate inscription 
in raised letters. 

Professor Calvin was elected to the chair of Natural His- 
tory in low'a's university thirty ve^rs aga The "chair" has 
since been subdivided into four distinct departments, profes- 
sor Calvin retaining the department of geolog\'. He has 
been state geologist of Iowa during the last twelve years. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

RcTiews and Traaslatlons by W11.LIAM Bbbbbkt Hobbb, 

Madison, Wis. 

PLATES in-IV. 

The march of events upon the other side of the planet dur- 
ing the past decade, the imminence of great industrial and 
commercial evolution, the probability of political changes to 
which the Russo-Japanese war is the prelude: have served to 
focus attention upon the geography and only less upon the 
geology of eastern Asiatic countries. A result of this stimu- 
lation of interest in our antipodal regions has been the large 
number of scientific expeditions which have been fitted out, 
either with the support or the encouragement of the different 
governments concerned. The reports of greatest interest from 
the region, because of the perspective which they aflford, are 
by two masters of generalization in geological science — Pro- 
fessor Edouard Suess,* of Vienna, and Ferdinand Freiherr v. 
Richtofen,t the great authority upon China, and the professor 
of Geography at the University of Berlin. 

The work of Suess upon the structure of Eurasia would 
not have been possible at the time his earlier volumes were 
published (1884). It is therefore a generalization derived 
from painstaking, careful study of numerous recent reports. 



* Bdouakd SC7RS8. Das Antlitz der Erde» Bd. Ill (first half), 1901, pp 
1-508. (With general map.) 

f Frrdinard y. Richtoprn. Geomorphologische Stndien ana Ostasjen 
Sitznnj?nber. d konij^l. preuas. Akad. d. Wissensch. z. Berlin. 

I. — Uber Gestalt und GHcdernng ciner Grnndlipie in der Morpholoeie 
Ostaslens, Bd. XXXIX, Berlin. 1900. pp. 888-925. 

II. — Gestalt nnd GHederung der ostasiatischen Knstenbog^n, Bd. XXXVI, 
Berlin. 1900, pp. 782-808. 

III.— Die morpholoRische Stellnng Ton Formosa nnd den Rinkininseln, Bd. 
XL, Berlin, 1902, pp. 944-975. 
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many of them inaccessible to the majority of readers, and in 
part published in the Russian or in oriental languages. The 
series of papers by Baron v. Richtofen has been written with- 
out collaboration with Suess, yet the conclusions arrived at, 
it is a pleasure to note, are surprisingly concordant. Conclud- 
ing his second paper v. Richtofen says : 

"Though the relationships of the interior continental land-steps per- 
mit certain conclusions regarding the earliest occurrences of those tec- 
tonic movements which have determined the present forms, the same 
may not be carried out for the marginal steps, and it appears safer for 
the present to avoid any conclusions in this direction until a greater 
total of observations is furnished for comparative consideration than is 
now at hand in the generally accessible Jiteralure." 

To this he adds the important foot note : 

"Unexpectedly soon the wish implied in the concluding sentence has 
been fulfilled; not only the opening up of otherwise not generally ac- 
cessible sources, but also their thorough correlation is furnished by a 
master hand. For after this paper was put in type and during the 
correction of the proof sheets, came the joyful surprise in receiving from 
the author the long-expected first half of the third volume of the Antlitz 
der Erde, by Edouard Suess. In it are discussed some of the problems 
which have been treated here, in particular the structure of the Sikhota- 
alin and the Anamitic ranges, as smaller parts of a representation of 
the structure of the Asiatic continent in its broader aspects. I have been 
obliged to renounce with reluctance m-iking reference to it here, and 
from the fountain of facts won from the study of the extensive Russian 
literature and the conclusions drawn from it, to supplement my own ar- 
guments. Yet I can with satisfaction state that in the few points in 
which the region of my performances touches that in the mentioned vol- 
ume, a difference of opinion regarding the comprehension of the basis 
of facts does not exist, and that in respect to the theoretical explanation, 
in particular the disjunctive processes connected with the eastern Asiatic 
depressions, a difference of opinion regarding the essential points 
likewise does not exist" 

In the works of both these geologists a key note has been 
struck by giving thought not alone to the construction of geo- 
logic sections representing parts of the crust not exposed to 
view, but by seeking to interpret genetically the larger fea- 
tures of the surface — the tectonic lines — which are everywhere 
open to study. As Suess has expressed it the knowledge of 
the cross section is but one part of the problem, the other be- 
ing the horizontal projection — ^the plan. Applying this meth- 
od to the Asiatic coast he continues: 
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Fio. 2. Oatllne guide map of eastern Asia, showing tectonic lines and great 
circle to which they approximate (after v. Richtofen's descriptions.) 
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"The crescents (Bogen) which form these borders, all of them 
turned to the southward, point to a connection of the parts of this entire 
extended region, and if one examines the eastern coast of Asia along 
which repeated island-crescents and the bands of islands are strung as 
upon no other coast of the globe, the thought is forced irresistibly upon 
one that a common cause must lie at the basis of this marginal festoon- 
ing of the Asiatic continent." 

Further he says: 

"These examples and problems may suffice. They show that the 
most important facts in the largest numbers which it has up to the 
present been possrble to discover respecting the position of tectonic lines, 
relate to Europe and the borderland of Eurasia. A binding together of 
the parts, and any sort of synthesis, would not have been possible at 
the time of the appearance of the secor«d volume, for the reason that 
all interior parts of Asia, in which tht connection of the crescents 
must be sought (Siberia and Mongolia), were almost completely un- 
known. The latest works of Russian explorers have for the first time 
furnished the possibility of such an attempt." 

To review the more than five hundred pages of Suess's 
work, packed as it is with local data carefully digested and 
correlated with those of neighboring regions, would be to 
write a more or less extended treatise upon Asiatic geology. 
The book is, moreover, accessible to most readers of geological 
literature. It is sufficient to state that the same principles 
which were shown to be so important in determining the broad 
features of European topography and geology apply equally 
to the Asiatic continent. The evidence that deforming agen- 
cies responsible for tectonic structures and for surface features 
of the first order of magnitude have been operative through- 
out the entire region, have been supplied with only less full- 
ness. The great importance of disjunctive processes, which 
have allowed the sections of the earth's crust to move up or 
down with reference to each other, thus dividing the country 
into plateaus or landsteps, is no less forcibly presented than 
was done in the earlier volumes. 

With this first half of the third volume of Das AntUtz der 
Erde is printed a map upon which some of the larger lines 
of faulting have been indicated. The portion of this map 
which comes within the region here under consideration has 
been reproduced in figure i. The course of the Ho-ang or 
Yellow river is indicated upon the map in its southern portion, 
and the great plain of China by the white area in the extreme 
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MORPHOGRAPHICAL VALUES CHARACTERISTIC OF THE 



Characterization 

of the land step 

(Landstaffel) 


Border of the step 

(Staifelrand) 


Eastern Boundary 


1. Yunnan sttp 

2. A'7t/« (Kui) step 

3. Tsinling step 

4. South Schansi 

(Shansi) step. 

5. East Mongolian step. 

6. Lena step 


Yunnan crescent 

Kwei (Kui) crescent .... 
Honan crescent 

Taihangschan (Taihang) 
crescent 


East Yunt^an fault 

Mukwans!' fault 


Honan fault 1 

1 

Taihangschan (Tai- ^ 
hang) fault 

Khingan fault zone 

Aldan Rancre * . . .' 


Khingan crescent 

South Stanowoi 

(Stanovoi) crescent. 

North Stanowoi 

(Stanovoi) crescent. 




7. Kolyma step 


Without particular 

names 


* 





southeast. In the mountainous region to the north and west 
of it are indicated the more important of the tectonic lines. 

Somewhat less likely to meet the eye of the geologist arc 
the papers by v. Richtofen in the Sitcungsbcrichtc of the Ber- 
lin Academy. The first of this series of three is devoted to the 
region represented in part upon the map which has been re- 
produced from Suess — what v. Richtofen has distinguished as 
the interior series of Landstaffcln, a word which has here been 
translated landsteps. v. Richtofen shows that along a line 
nearly parallel with the Pacific coast of Asia there runs a 
series of contiguous and more or less crescent shaped plateaus 
(Lafidstaffein) all convex to the southeastward, v. Richtofen 
seems to regard it as significant that this series of landsteps 
extends across the continent so as closely to approximate to a 
great circle of the earth. 

Tlie author's views are so fully summarized in the con- 
cluding section, that it is thought best to reproduce them en- 
tire in translation. The many different spellings adopted 
by the diflferent authors for Asiatic geographic names intro- 
duce the greatest confusion into the study. The translator 



* There appears to be an error here inaamiich as the Aldan Range is in the 
same latitude as Khing^an Range, the error being to give the western rather 
than the eastern limit to the land step. The eastern limit is a northern section 
of the Stanowoi (Stanovoi) Range. —[Tkanslatok.] 
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Land Steps and of the Entire Fault Line. * 



Extent of the step in the 
direction of the meridan 



In degrees of 

latitude 
approximately 



In kilometers 

on meridian 

approximately 

(m) 



Length 

of the 

crescent 

(Bogen) 

t 



Offset of each step to 
the eastward 



In degrees of 
longitude . 
approximately 



In kilometers 

approximately 

X (n) 



Relation 

of 
m to n 



22%-25 N. 

25-32 >^ N. 

32K-38 N. 

38 - 54 N. 
50 - 62 N. 
62 - 66 N. 



255 
830 

600 

1760 

1330 
440 



450 
1200 

750 

I9CX> 
2000 
2600 



2/^° 



2/0 



4^/3 



8^ 



i8>^' 



49^ 



250 
5SO 

270 
580 

IICX> 

2400 



I : I 
1.5:1 

2.2 : I 

3:1 
1.2 : I 

.18 : I 



has therefore used the German spelling of v. Richtofen, plac- 
ing after each word in parenthesis the spelling of the Century 
Atlas. To render the geographic descriptions intelligible a 
map is necessary, and one of the excellent German maps from 
Andrees Handatlas, upon which the tectonic; lines referred 
to and the great circle to which they approximate have been 
sketched in has been furnished from v. Richtofen's description. 
It should be used as a guide map in following v. Richtofen's 
descriptions which follow: The map of figure i is on a 
much smaller scale and includes the area covered by figure 2, 
mainly between the Yellow and Amur rivers. 

RESULTS AND CONCLUSIONS, 

m 

A. MORPHOLOGICAL RELATIONS. 

a. Along a line which begins somewhat south of the Tropic of 
Cancer in about 130° east longitude, and which may be followed to 
the Arctic circle in igo° east longitude, are arranged a series of con- 
tiguous crescent-shaped land-steps (Landstaffel) convex to the south- 
eastward, which have the peculiarity in common that the section of the 
earth's crust immediately to the cast always stands lower than the one 
to the west. 



* All fifcxarcB are only approximate valueti. 

t Tbe eqaatorial limb ifi here reckoned only from the janction with the 
meridional «ection which follows to thesontb. 

t Reckoned as the ayerage breadth. 
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b. The border of each step consists of two rectilinear or gently 
outward curving sections, (i. e. ; an easterly meridional and a south«:.-lv 
equatorial section), which are joined with one another to form a en - 
cent (Bogen) of larger or smaller radius of curvature. The more exa»*.. 
direction of the eastern limb is on the average S. by S. W. — N. by N. E., 
but inclines in the northern steps more toward the N. R The direction 
of the equatorial limb varies little from W. S. W. — ^E. N. E. 

c. The equatorial portion of the border of each step crosses the 
meridional portion of the crescent next farther to the south. There 
h thus effected in the direction towards the pole an advance of the 
steps to the eastward like that of the wings upon the stage of a theater. 
But the equatorial section in the majority of instances stretches out 
westward over the point of junction with the meridional. A concentra- 
tion, of the crescents is nowhere found. 

d. The morphographical relations given under a, b, and c, above are 
evident from the numerical values in the adjoining table: (See pp. 72- 

73) 

e. If we lay a tangential great circle through the point of intersec- 
tion of the meridian of 95** east with the equator and of the 66th par- 
allel* a little to the westward of Behring straits (in Longitude 185* 
east) the outward curves of the land-steps adhere to it with sufficient 
precision to make it probable that the falling together of both lines is 
not without significance, t 

f. The entire series of crescents forms a continental divide between 
maritime and inland east Asia, without regard to whether the former 
is narrow (as about the sea at Ochotsk (Okhotsk) and in the narrow 
stretch of coast of Liau-hsi (Liao-si) between Pekin and Mukden, 
or whether it reaches a breadth of more than 1,000 kilometers, as in the 
plateaus of Manchuria and China lying outside the inland region. The 
{importance of the divide is: 

1. Purely morphographic ; this is comprised in sections a. to e. 

2. Hydrographic. The great streams of east Asia have their sourc- 
es for the most part far to the west of this line, but first enter upon 
their quiet lower reaches where they cut through this line. This 
is true of Amur and Yellow rivers, the basin of the latter stream at 
the point of crossing being restricted to little more than the stream 
channel; of the Han-kiang (Han river), Yang-sse-kiang (Yang-tze 
river), Yuen-kiang (Yuan river), Hsi-kiang, and Song-ka (Song-koi — 
Red River). Eastward frgm the line of breaking through, the broad 
land areas are coursed by navigable streams, which, to the south of 

* This appears to be an error as the ffreat circle described in the foot note 
wonld pass far to the west of this point.— [Translator.] 

t This ffreat circle runs past the places Ocbotsk (Okhotsk), Aj^an, TsitMilkbmr 
(Tsitslkar), Pmu-tlng-fu (Pao-ting), tfaiaag-yang-fu {Sing-j tmg ), I-tscbMog-fa 
(I-chang>, which lie at the foot of the individual steps at distances 
Taryinic from 0—60 km. It penetrates then western Kwrnng-ai, 120 km. east of 
Peae-ting (Po«se), and formet the medial line between the Kwei (Kui) crescent 
which projects somewhat towards the east and the Yunnan (Yunnan) cres- 
cent remaininip to the west. It should be remarked that this section of the 
crescent lies in the continuation of another section of the crescent belonging; 
to the same great circle, which forms the medial line of the Pacific ranges of 
North America, which are oriented essentiallj parallel to it. 
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a line that continues the Tsin-ling-schan (Tsin-ling range) line, form a 
densely crowded network, though northward of that line they are spaced 
with wider intervals. Westward from the series of crescents, navigation 
is interfered with or is difficult ; only on the Yang sse-kiang ( Yang-tze- 
rfver) there lies farther up in the Red Basin of the Ss-tschwan (Sze- 
chaun) still one other region of better navigation as a consequence of 
regionally less intensive and more intensive erosion. 

3. Commercial geographic. Commerce is conducted in general freely 
and openly to the east of the series of crescents; except in south- 
eastern Manchuria where the mountains fix its limit. The land-steps, 
in spite of their generally small altitude, present a bar to commerce, . 
which, on these land routes, as in the case of ocean routes, have only 
in a few cases been overcome. Maritime east Asia is hence closed 
oflF from the inland country. This is even in those places the case, 
where, as in Schcn-si (Shen-si) and Mongolia, open lands again follow 
upon the other side with easy conditions of communication. 

4. Climatic. Although all land in east Asia, or. as far as Ochotsk 
(Okhotsk), is under the influence of monsoon climate, yet the dividing 
character along the line determined by the step borders is in some 
places recognizable and probably everywhere present. The separation 
is sharp in Stanoivoi (Stanovoi). It is present in the Seya (Zeya) range 
and Olekma ranges and the Khingan as shown by the contrast of the 
park landscape and the deciduous features on the Amur with the Siber- 
ian conifers and the dry steppes of Mongolia. Only in one region west 
from Nonni and Tung-liau-ho (Tung-lia river) do tiie latter extend 
eastwards over the Khingan. For the stretches lying farther to the south 
it is sufficient to point out the contrast between the great plain which ex- 
tends from Pekin to Hivai (Huai) on the one hand, and countries 
which lie on the other side of the land-steps — Mongolia, Ordosland, and 
Schen-si (Shen-si), on the other hand. In southern China the separ- 
ating influence is veiled by the much stronger one that is exercised by 
increasingly high mountain ranges. 

B. RELATIONS OF THE AREAS OF THE EARTH'S CRUST WHICH BORDER THE 
SECTIONS OF CRESCENTS TO ITS INTERNAL STRUCTURE. 

a. The following are certain peculiarities of the internal structure of 
those areas in east Asia which come here under consideration : 

I. Fundamental gneiss and gneiss granite in the basement are found 
in China only in Schan-tung (Shan-tung) ; the internal structure show- 
ing the constant strike direction of N. N.W. — S. S. R Obrutschew 
determined it in the ancient gneiss to the eastward of Baikal as W. N. 
W. — E. S. E. In all other Archean rocks of continental east Asia, which 
lie to the eastward of the meridian 105** East and to the northward of the 
Tropic, the Sinian strike direction (average W. 30* S. to E. 30" N.) ap- 
pears to predominate strongly and to control regionally the basement 
structure. Only one important exception is known; it is afforded by 
the relatively narrow but compactly constituted Tsin-ling zone in whose 
structure the Kwcn-lun (Kucn-lun) strike direction (W. by N. — S. 
by E.) controls exclusively. This zone of intense folding must have 
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been indicated from the earliest times, since the ranges which are ori- 
ented in the Sinian direction approach one another at their northern and 
southern limits. 

2. The ancient Paleozoic cover resting upon the eroded basement 
lies horizontal and apparently unbroken in the Lena-Olenck country; 
the Triassic occurring in higher latitudes, and the Upper Jurassic trans- 
gression stretching from here to the latitude of Jakutsk (Yakutsk), 
have the same position. The remaining portion of the entire region 
is divided into two portions by the Tsin-ling range and its imaginary 
eastern continuation. North of this line the sediment plateau has 

. suffered no foldings, or at most very slight ones of the nature of bow- 
ings-up, described by Suess as back-folds (Ruckfattungcn) which are 
locally restricted. On the other hand it is broken into horizontal lying 
or gently inclined portions displaced in reference to one another; in 
part these have the form of irregular blocks and Schollen, as in Schan- 
tung (Shan-tung) ; in part they appear in long parallel strips, as in the 
north Chinese and. Daurian ranges. The faults appear in part in the 
form of flexures. To the south of the Tsin-ling zone this plateau is 
divided first into crowded, farther away into broad, open folds, with 
abundant superimposition of middle and upper Paleozoic, as well as in 
places of old Mesozoic marine beds, in v;hich the Sinian strike controls 
the character of the landscape. 

b. The collective arrangement of the system of faults js independent 
of the internal structure. This is different in the different land-steps 
enclosed by the individual crescents — its fundamental lines may be 
grouped together as follows : 

I and 2. Vutinan (Yunnan) crescent and Kwci (Kui) crescent sur- 
round the horst-like massif of Y'linnan (Yunnan) and Kivei-ischou 
(kui-chau). Much fractured {Verkarsteter) limestone predominates in 
it; but the mountain structure is not known. The meridional arrange- 
ment of individual form elements in eastern Yunnan (Yunnan) allows 
the presumption of the step-like sinking inward to the east. Farther 
to the north the Hukxvang fault encloses as a part of the Kivci (Kui) 
crescent the eastern range of the Ta-f*a-schan in the Sinian direction, 
which is here moderately folded to the southeast. It is probable that tr.is 
folding continues in the horst of Kzvci-tschou (Kui-chau). 

3. In the step-province enclosed by the Ilonan crescent the main 
range of the Tsin-ling prctruccs as a massive range, strongly folded, 
distinguished by southerly directed compression and over-turning, and 
controlled by the strike direction W. by N. W. — E. by S. E. It is ac- 
companied in the north by similarly directed, partly low, partly very 
high, mountain ranges, which have not been subjected to folding since 
the Cambrian. Zonal sinkings-in may be distinctly made out in the 
northerly inclined orographic blocks arranged along parallel faults. The 
Honan fault cuts off the entire complex upon the east. 

4. The crescent of the Tai-hang-sclian (Tai-hang mountains) bor- 
ders a Carboniferous plateau which owes its origin to a relatively deep 
and very uniform depression of the district as a whole. The plateau 
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land is many times faulted in a meridional direction with slippings-down 
to the eastward; and slopes to the eastward in step-faults, but to the 
southward in a flexure. 

5. Within the eastern Mongolian land-step is spread out veiled land 
from which certain mountain ranges jut up having predominate Sinian 
strike. From the few investigations at our disposal these ridges appear 
to be in structure not essentially different from the adjoining north 
Chinese and Daurian mountain regions to the south and north, which 
are separated by faults into gridiron-like oarallel systems. 

6 and 7. The Sud-Stanou'oi (South Stanovoi) crescent surrounds 
a perfect ancient Paleozoic plateau, extending in the southwest to the 
high ridges, within which plateau folds and faults have been proven. 
The interior of the Nord-Stanowoi (North Stanovoi) crescent is geo- 
logically unknown. The north outlier of the Verk-hoyanskii range, con- 
cerning which excellent observations by Baron Toll are available, is too 
far removed to come here under consideration. 

c. If we separate the individual crescents into their two components 
it is found that only in the meridional sections is the independence of 
internal structure* expressed. The faults of the Aldan range in th'> 
Khingan in the 7'at-/m«g-jc/ia» (Tai-hang mountains), and the Huk- 
ivang fault cut across the dominating Sinian strike direction in the basal 
structure of the corresponding steps at angles of 120 to 140 degrees, 
while the Honan fault is parallel to the Sinian direction,, but crosses 
the interior ridges of the steps connected, with it .at 50 degrees. 

As regards the form of the eastern falling-in, the step-fault is proven 
in the Tai-hang-sclian (Tai-hang mounlains). The parallel grouping 
within the zone of falling-in makes this torm probable in the Khingan 
and the Aldan ranges. It is doubtful in the Tsin-ling-schan (Tsin- 
ling mountains) and in the vicinity of the Hukzvang fault, while on the 
eastern side of Yunnan (Yunnan) certain facts can be introduced fa- 
voring step- faults. 

The aggregate amount of the depression is in all cases considerable. 
In most cases it is certainly not less than two kilometers (about 6,500 
feet), probably it is throughout notably greater. 

Respecting the manner in which the eastward lying crustal areas 
are affected by the falling inward, I do not venture here to say. It 
may be that in the latitudes in question, i ; the entire area stretching 
to the eastern margin of the continent has been depressed, or, 2; a 
Grahcn depression separates the high mountain land-steps from the 
other eastern ones ; or, 3 ; the ea<;tward lying orographic block is depress- 
ed only on one side against the fault line and ascends from it toward the 
east to the mountainous country. 

d. The equatorial sections of the crescents follow the strike of the 
internal structure. They appear in consequence as deviations from the 
expression of the force which cnnditiohed the great development of 
faults. The continental fault docs not iollow singly and continuously 



• lanerea Baa. This expression is evidently restricted in the antbor's mind 
to fold stractnres. 
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the line of the great circle, but is decomposed into several more merid- 
ionally directed stretches, which, if one follows them from north to 
south, return to the average direction of the great circle by means of 
the equatorial stretches. Perhaps in this lies the basis for the fact that 
in northeasit Siberia, where the great circle in question makes only a 
small angle with the parallels the equatorial stretches predominate in 
their extent; the meridional stretches on the other hand become pro- 
portionately shorter and describe a larger angle with the meridian than 
they do farther to the south. Surely in that case the marked western re- 
treat from the south end of the Hukwang fault forms part of an abnor- 
mal phenomenon and should be referred to some other cause. 

In the equatorial sections, also, there have been tectonic processes 
connected with the building out of the land-steps. Just here occur the 
great flexures directed toward the plain of Pekin, the embayment of 
Hwai'king-fu (Huai-king), and the northwest coast of the inner Yellow 
sea. However the transitions from the high grounds of the land-steps 
to the deep land stretches at their foot are made generally very grad- 
ually and are brought about through frequently changing mountain 
land-scapes. They appear to be more abrupt on the south side of Kwci- 
tschou (Kui-chau) and Yunnan (Yunnan). 

C. TYPE OF TECTONIC MOVEMENTS. 

a. Crescent- shaped border swellings with land depressed in front 
easily give rise to the impression of a movement on a large scale of the 
upper parts of the earth's crust from the interior of the crescent out- 
ward and cpnnected with uplifting of the front as well as with internal 
folds and overturns. Where this is found to be true there stand con- 
trasted with the phenomena of tension — fracture and sinking in upon 
the back side — compression within the circumscribed area of the zone 
of overturning, and hence the eruptive rocks are usually connected 
with the former. I have elsewhere shown* that the Tsin-ling-schan 
(Tsin-ling mountains) owes its origin to such a movement directed 
from north to south, and, although the crescent form is in this case 
lacking, the phenomena mentioned are easily recognizable upon the 
north side. 

b. Of the crescent forms which are here under consideration, not 
one of those which he to the north of the Tsin-liug-schan (Tsin-Hng 
mountains) appears to have the properties of a fold crescent. So far 
as observatioiis are at hand they compel us to concludo that not com- 
pressive force from within outward but on the other hand tensional 
forces which operated from the outside lie at the basis of the fault 
development. Step depressions, which we can prove in many cases, 
indicate by themselves an extension of space. But as always in the realm 
under consideration where sections of a sediment plateau may lie at 
different levels near one another the simple explanation is always, so 
far as information goes, a sinking in of the deeper lying portion along 



• China, vol. ii, p. 655. 
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• 
a fault plane which is steeply inclined outward, while a forcing up of the 
beds or an overturning has in no case been observed. 

This holds for both components of the crescents. I think it may be 
concluded from this that the meridional faults point to a tendency of 
the eastern foreland to give way toward the east in the direction of 
the Pacific ocean; the equatorial faults to a similar yielding toward the 
south in the direction of th^ Tsiu-ling-schan (Tsin-Ung mountains) and 
its eastern continuation. To this doubled tension and the depression in 
consequence along two lines which meet under an obtuse angle may be 
ascribed the crescent-like sinking down in steps of the areas lying with- 
in the obtuse angle of the border of the orographic blocks which remain 
stationary. 

In accord with this explanation are two other phenomena. 

One is the recurrence of parallel faults of the same kind (same sense) 
in the rear land of the step-crescents. They appear to be more rare in 
the north and to increase in the breadth of the zone affected by them and 
in the number of faults as they approach the Tsin-ling-schan (Tsin-ling 
mountains). They point to regional control of extensions of the same 
kind dependent upon tension, which was relieved along certain lines, 
but which all fall in significance far behind the chain-like line of crescents 
within the great transcontinental line here considered. To the phenome- 
non of the parallel faults alone attention will here be directed; the ques- 
tion of the recurrence of crescent fractures of the same sense with the 
eastern foreland being left untouched. 

The other phenomenon has to do with the occurrence of the erup- 
tive rocks. They occur in those places where, in the case of the develop- 
ment of folds by overturning, they should be lacking, viz. ; between the 
subordinate steps (Theilstaffeln) and in the outer margin of the cres- 
cent shaped marginal zones. In reference to the first mentioned oc- 
currence it is sufficient to refer to what was said of the north Chinese 
and Daurian ranges; respecting the latter, the volcanic rocks may be 
thought of as on the Okhotskian slope of the Aldan range, on the east 
side of the Khingan, from Mergen to Mukden, on the outer margin of 
Liau'ksi (Liao-si), and in the erabayment of Pekin. That they occur 
also upon the rear of the crescents, as on the southern border of Mon- 
golia, .and at Witipi (Vitim), can only confirm a widely extended control 
of tensional forces of the same kind. 

c. To the southward of the Tsin-ling-schan (Tsin-ling mountains) 
the observations do not suffice for the formation of a definitive verdict. 
For the meridional faults the explanation probably holds which was 
offered for the northern fractures of this kind. They cut through an 
old folded structure under an acute angle, and there is no indication 
present of a pushing forward of the upper limb over the lower or of a 
folding in perpendicular direction upon the line of depression; it can 
surely not be denied that eruptive rocks are not known along the latter. 
The equatorial lines on the south side of Kwei-tschou (Kui-chau) and 
Yunnan (Yunnan) appear none the less to be different from those of 
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the northern crescents. Whether in them a pushing townrd the 3t.iith 
has occurred can first be shown after more exact investigation. 

D. AGE OV TErrONiC Mti\EMi:XTS. 

1 he dctermin£lion of iht age of the fnuh structure meets a dificulty 
which itiflucncts everywhere the geoloj^ical chronology of continental 
east Asia; it rests in the absence of marine deposits of age younger than 
the Triassic. The ocean sedimer.ts end for rhe most part with the 
Carboniferous. To some determinations the fresh water deposits of 
the Jurassic period give support. 

Suess* has shown in his profound work upon the as3rmmetry of the 
northern hemisphere, which compresses great resuhs into small compass, 
that the plan of Eurasiatic folds, so far as it concerns Asiatic soil, was 
laid out in pre-C?mbrian time, the completion of its form, however, 
reaching up into Tertiary time. This holds for the broader outline of 
the folding movements, but is not, however, immediately applicable to 
the fault development. 



AGE OF THE MISSOURI RIVER. 

By VVarrbn Upham, St. Paul, Mian. 

As the sea covered the area of the Plains during the Cre- 
taceous period, stretching from the Gulf of Mexico north- 
ward through the United States and far into Canada, perhaps 
to the Arctic ocean, with its eastern shore crossing Iowa and 
Minnesota,! it is evident that the Missouri and Mississippi 
rivers cannot be more ancient than the Tertiary era. 

Great rivers undoubtedly flowed into this Cretaceous sea 
from the east, but we can scarcely trace their courses or out- 
line their basins. It seems most probable, however, that one 
of the chief river systems of that time coincided with the 
present series of the Great L^kes tributary to the St. Law- 
rence, but discharged its waters westward, opposite to the 
present direction. Another large river may have brought its 
tribute of detritus from the area of Hudson bay and the Nel- 
son river, its flow being similarly the reverse of the prei-cnt 
course. 

In the region of the Ohio river many changes of drainage 
have taken place in connection with the continental glaciation, 
as made known by studies begun twenty-five years ago by 

♦ Sitz. d. k. Akad. d. Wisa. za Wein. Math-Nat. CI., vol. 107, p. 94. (1900). 

t Soe the Inst preceding paper of this series, Amkr. Gbologist, toI. xxxiv. 
pp. 35-39. July, 1904. 
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Carll in Pennsylvania and since continued and extended by 
Spencer, Foshay, Chamberlin, Leverett, Tight, and others.* 
The upper waters of the Ohio are now known to have flowed 
in preglacial times into the Lake Erie basin ; but apparently the 
drainage thence passed westward, as before noted, being thus 
tributary to the Cretaceous inland sea, presumably by the way 
of lake Superior, and afterward to the Tertiary river which 
is now the Mississippi, reaching it probably by a route nearly 
coincident with the Illinois river. 

The lower part of the Ohio river basin, with the tributary 
Cumberland and Tennessee basins, may have sent its waters 
directly to the western Cretaceous sea, flowing across the 
country traversed by the Missouri river below Kansas City; 
but with the inauguration of the Mississippi river, during the 
Tertiary era, that trunk stream must have received important 
branches from the lower parts of these two great basins, the 
Ohio and the Missouri, nearly as today. Even in the Creta- 
ceous period, too, it is perhaps more probable that the lower 
Ohio and the lower Missouri from Kansas City eastward, 
with its continuation in the course of the Mississippi, both 
emptied into the Cretaceous ocean near the site of Cairo, Il- 
linois, at the present mouth of the Ohio ; for so far northward 
extended a great embayment of the Atlantic during the Cre- 
taceous and Eocene periods. 

With the epeirogenic uplifting of the Plains from the sea, 
near the end of Cretaceous time, and the contemporaneous 
folding and upheaval of many ranges of the Rocky mountains, 
there ensued very abundant estuarine, lacustrine, and fluvial 
deposition, of partly brackish, but mainly freshwater beds of 

■ 

very great extent and depth, often including layers of lignite, 
overlying the marine Cretaceous series. In the Dakotas and 
Montana and northward, on the country of the upper Missouri 
and the branches of the Saskatchewan, these beds belong al- 
most wholly to the latest Cretaceous stages ; but southward, in 
Wyoming, Nebraska, Colorado, and Kansas, they extend on- 
ward from the late Cretaceous to the Miocene and Pliocene 
periods. Their material has come chiefly from the erosion of 

* The latest and most complete discasnion of the complex history and 
derelopment of the Ohio river system has been given by Prank Lrvbrktt in 
MonogrsLph XLI, U. S. Geol. Surrey, "Glacial Formations and Drainage 
Peatnrcs of the Brie and Ohio Basins," 1902. chapter iii, pages 82-219. 



82 The American Geologist, August. i904. 

the mountain ranges on the west, and secondarily from erosion 
and redeposition of the very thick beds first so spread out on 
the western borders of the Plains, adjoining the mountains. 
Estuarine conditions are indicated here and there, though not 
generally, in the Laramie formations, terminating Cretaceous 
and Mesozoic time; but the greater part of the Laramie and 
all of the Tertiary formations are freshwater deposits. 

Many geologists have ascribed these very extensive fresh- 
water beds to sedimentation in vast lakes. Prof. W. M. Davis 
has shown, however, that the physical characteristics of these 
formations, as well as their fossils, indicate instead that rivers, 
meandering in variable courses, and in their seasons of flood 
spreading far and wide, were the agents of deposition, bring- 
ing the sediments from the ever progressing erosion of the 
mountains.* 

The alternations of gravels, sands, and clays, with frequent 
cross-bedding and local unconformities, in the deposits that 
have been supposed to belong to the central parts of large 
lakes, are evidently more accordant with the explanation of 
these areas as flood-plains of rivers. Shallow playa lakes of 
moderate extent undoubtedly existed temporarily in many in- 
closed basins, and on some areas occasionally large and deep 
lakes may also for some time have received sediments from in- 
flowing rivers and from shore erosion ; but the view presented 
by Davis, that fluvial deposition accounts for the far greater 
part of these late Cretaceous and Tertiary beds, seems most 
acceptable. 

Following the deposition of the extensive and thick Lara- 
mie strata on the Plains through which the Missouri river 
flows, a depth varying from 500 to 5,000 feet (increasing 
from east to west) of these and the underlying Cretaceous 
beds was eroded by rains, rills, brooks, and widely wandering 
rivers, reducing this region mostly to a peneplain. The ver- 
tical uplift above the sea level, and the concomitant and subse- 
quent depth of denudation, wearing down the uplifted land 
until its surface was again mostly near that ultimate baselevel, 
are measured from occasional groups of mountains and liills 

♦ Proceedings, Am. Academy of Arts and Sciences, vol. xxzv, pp. 345-373, 
March, 1900. Am. Gbologist, toI. xxt, p. 313, May. 1900 Sec also an earlier 
important paper bearing: on this question, by W.D Matthbyt, Am. Naturalist, 
vol. xxxiii, pp. 403-408, May, 1899; Am. Gbologist, vol. xxiv, pp. 250-251, 
Oct., 1899. 
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consisting partly or wholly of the nearly horizontal strata, 
spared from erosion while all the surrounding country was 
being baseleveled. Such are the Turtle mountain and the 
Crazy and Highwood mountains described in my last fore- 
going paper. 

The Hand hills, in eastern Alberta, and the Cypress hills, 
in southwestern Assiniboia, are similar high remnants of the 
Cretaceous strata, rising 1,500 to 2,000 feet above the sur- 
rounding Plains; but they also show, above the Laramie and 
other Cretaceous formations, a capping of Miocene conglom- 
erate, sandstone, and sandy clays, of fluvial deposition. It 
cannot be doubted, therefore, that Miocene deposits, sorAewhat 
like the Miocene and Pliocene formations in Wyoming and 
Nebraska and southward, once had a considerable development 
throughout the Canadian part of the Plains ; and it is also evi- 
dent that, since so comparatively late a stage in the Tertiary 
era, a vast amount of denudation l;as taken place there. It thus 
seems very sure that likewise much of the denudation on the 
adjacent region of the Plains drained by the Missouri river 
belonged to the late part of Tertiary time. It progressed prob- 
ably through nearly the whole of that long era, completing the 
baseleveling, so far as that was attained, near the end of the 
Pliocene period, the Plains through most or all of their extent 
being then wbrn down to only a slight elevation above the 
sea.* 

Stream deposition had been very abundant, widely ex- 
tended and deep, during the early part of the time since the 
original uplifting of the mountain ranges and plains drained 
by the Missouri river and its tributaries. During the latter 
part of that time, until the end of the Tertiary era, the Plains 
underwent great denudation and a general baseleveling, which 
apparently coincided, as to both beginning and end, with the 
Tertiary or Somerville cycle of partial baseleveling which 
Davis and Wood have studied in Pennsylvania and northern 
New Jersey and believe to have affected a large area of the 
other eastern states, t 

• V. S. Oeol. Sarrext Monograph XXV, 1895, "The Glacial Lake Agassiz," 
pp. 81-107. 

t Nationmt Geographic Magazine, toI. i. 1889, pp. 183-263; toI. ii, 1890, 
pp« 81-110. Proceediaga, Boston Society of Natural History, toI. xziv, 1889» 
pp. 366-423. 
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The termination of the cycle of abundant fluvial deposition 
and ensuing erosion upon our great western Cretaceous area, 
and its renewed epeirogenic uplift to undergo the erosion of 
the broad and flat Red river valley along its eastern margin 
in Minnesota, North Dakota, and Manitoba, were probably 
also contemporaneous with the great epeirogenic movement 
which in California, according to Mr. J. S. Diller, ended a 
long cycle of baseleveling that had extended through the whole 
of Cretaceous and Tertiary time, and raised a part of that 
baseleveled district at the beginning of the Quaternary era to 
form the lofty Sierra Nevada.* Again, a similar record of 
long-continued baseleveling, followed by uplift and a new 
cycle of rapid valley erosion, is found by Powell and Button 
in the plateaus and Grand Canyon of the Colorado river, t 

Like the great changes of drainage which have formed the 
Ohio river, so I think the Missouri river also to have been 
made com|X)sitely, and to have taken its present course, since 
the Quaternary era began, with its general epeirogenic eleva- 
tion of the greater part of North America to an altitude 3,000 
to 5,000 feet higher than now, which led to snow and ice ac- 
cumulation and the prolonged glaciation of the northern half 
of this continent, excepting Alaska. This opinion was first 
reached by Gen. G. K. Warren, t and has been more amply 
considered and stated by Prof. J. E. Todd.§ The continental 
ice-sheet turned aside the rivers of the northern part of the 
Plains, deflecting the Tertiary predecessor of the Missouri to 
the west and south from its preglacial course, wiiich may 
have occupied a part of the valley of the James or Dakota 
river, nearly parallel with the Missouri of today, or which per- 
haps farther north passed eastward to the most southern bend 
of the Souris river, or to the Shevenne and Red rivers. Pro- 



• U. S. Geol. Survey, Bi>;hth Annual Report, pp. 428-4.32. Compare alao 
articles by Prop. JoiRPH LkContk, i4ni. /our. Sc/., third series, vol. xiz. pp. 
176-190, March. 1880; vol. xxxii, pp. 1G7-181, Sept., 1886; vol. xxxviii, pp. 
267-263, Oct., 1889. 

t Exploration of the Colorado River of the West, 1875. Geology of the 
eastern portion of the Uinta Mountains, 1876. U, S. Geol. Surrey, Mono- 
graph II, Tertiary History of the Grand Canyon District, 1882. Amer.Jour. 
Sci., third series, vol. xxxii. pp. 170, 171, Sept., 1886. 

t Annual Report of the Chief of Engineers, V. S. Army, for 1868, pp. 307- 
314. 

$ Proc. A. A. A. S., vol xxxiii, 1884, pp. 381-393; U.S. Geol. Surv., Bulletin 
No. 144, 1896, p. 67. Compare also a paper by Prof. E. W. Clavpolr. "The 

Story of the Mississippi-Missouri," Am. Gkologist, vol. iii, pp. 361-377. June, i 

1889; and a paper by Prof. O. C. Broadhrad, "The Missouri River," Amer. 
Gbologibt, vol. iv, pp. 148-155, Sept., 1889. i 
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fessor Todd finds also in the topography of that region evi- 
dence that in preglacial time the great tributaries coming from 
the west to join this part of the Missouri, namely, the Cannon 
Ball river, the Grand and Moreau rivers, then united, the 
Cheyenne, and the White river, flowed east to the James val- 
ley; and he is inclined to believe that from that valley the 
great stream formed by these affluents passed northeast to the 
Red river of tlie North and Hudson bay. 

In this view I very heartily concur, as a good confirma- 
tion of it seems to me to be afforded by the contour of the 
Coteau des Prairies, lying between the Minnesota river valley 
and that of the James river. Rising very gradually, without 
definite boundaries southward in Iowa and the southwest 
corner of Minnesota, this massive highland runs north-north- 
west to a high termination, called the Head of the Coteau, like 
a promontory, between the James valley on the west and the 
continuous and broad Minnesota and Red river valleys on the 
east. I attribute this form to preglacial stream erosion, when 
two great rivers here united, flowing northward. The western 
stream mav have been the ancient Missouri river, while the east- 
ern probably drained the upper part of the Mississippi basin, 
deriving its most eastern and southern waters from parts of 
Wisconsin and the northeast comer of Iowa. According to 
Hershey, the preglacial divide crossed the present course of 
the Mississippi somewhere between LaCrosse and Dubuque.* 

The erosion of the present valley of the Missouri river, 
from where it leaves the mountains to the mouths of the Nio- 
brara and James rivers, ranging below the Great Falls from 
one to ten miles in .width and from 300 to 600 feet in depth 
cut into the general surface of the plains, may be ascribed 
wholly or chiefly to the work of this great stream since the 
culmination or Kansan stage of the Ice age, probably 50,000 
years or longer ago, when the drift thinly overspreading the 
country along the course of the river was dejx)site(l. Only on 
the east side of the river at varioiiG places in South Dakota is 
its vallev touched bv the border of the much later drift sheet 
spread during the moraine- forming Wisconsin stage, near the 
end of the Glacial period. 



• "The Phyaiogrraphic DcTclopmcnt of the Upper MtssiMippi Valley," Am. 
Gbologibt, vol. XX. pp. 246-268. Oct.. 1897. 
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So long a time have the Missouri and its tributaries been 
at work, with a good rate of descent, eroding the mostly soft 
Cretaceous strata, in an unceasing task estimated by the pres- 
ent writer as seven to ten times longer than the postglacial pe- 
riod since the ice-sheet melted away from much of the area 
of South and North Dakota, from Minnesota, Wisconsin, and 
the moraine-inclosed part of all the northern states and of 
Canada. But through a still longer time, ever since the early 
Quaternary uplifting of the Plains from their low baselevel- 
ing, that is, probably 150,000 years, more or less, have most 
of the large streams outside the glaciated area been cutting 
down their valleys. 

What some of these streams, with their branches and ad- 
joining springs, have accomplished in sculpturing picturesque 
and almost indescribable chasms, gorges, and ravines, is the 
scenic and geologic wonder of the Plains, the widely famed 
"Bad Lands" {Mauvaises Terres), so named by the early 
French fur traders and trappers, because of the difficulties of 
traveling through or across these wildly and fantastically 
eroded tracts. This frequent phase of valley erosion under a 
somewhat arid climate is perhaps best displayed along the 
Little Missouri river, in the west part of North Dakota. It is 
well seen on a width of several miles in the vicinity of Medora, 
where the Northern Pacific railway crosses this valley, and al- 
so along all the course of this stream far to the south and 
north of the railway, to its union with the Missouri river. The 
weird effects of the forms of erosion are further enhanced here 
by the bright red color of some of the beds, and in numerous 
places by jet black lignite seams. 

Twenty years ago Theodore Roosevelt had a cattle ranch 
in this valley a few miles south of Medora, and ranged in his 
hunting excursions over all parts of these Bad Lands and the 
adjoining plains. His description of the valley sculpture, in 
"Hunting Trips of a Ranchman," may well close this paper, 
as follows: 

Our route lay through the heart of the Bad Lands, but of course 
the country was not equally rough in all parts. There were tracts of 
varying size, each covered with a tangled mass of chains and peaks, 
the buttes in places reaching a height that would in the East entitle 
them to be called mountains. Every such tract was riven in all direc- 
tions by. deep chasms and narrow ravines, whose sides sometimes rolled 
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off in gentle slopes, but far more often rose as sheer cliffs, with narrow 
ledges along their fronts. A sparse growth of grass covered certain 
portions of these lands, and on some of the steep hillsides, or in the can- 
yons, were scanty groves of coniferous evergreens, so stunted by the 
thin soil and bleak weather that many of them were bushes rather than 
trees. Most of the peaks and ridges, and many of the valleys, were 
entirely |pare of vegetation, and these had been cut by wind and water 
into the strangest and most fantastic shapes. Indeed it is difficult, in 
looking at such formations, to get rid of the feeling that their curiously 
twisted and contorted forms are due to some vast volcanic upheavals or 
other subterranean forces; yet they are merely caused by the action 
of the various weathering forces of the dry climnte on the different strata 
of sandstones, clays, and marls. Isolated columns shoot up into the 
air, bearing on their summits flat rocks like tables; square buttes tower 
high above surrounding depressions which are so cut up by twisting gul- 
lies and low ridges as to be almost impassable; shelving masses of sand- 
stone jut out over the sides of the cliffs ; some of the ridges, with per- 
fectly perpendicular sides, are so worn away that they stand up like 
gigantic knife blades; and gulches, wash-outs, and canyons dig out tlie 
sides of each butte, while between them are thrust out long, spurs, with 
sharp ragged tops. 
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I. Variations ix Thickness of Ord^viciax Strata in 

Indiana. 

/. The Subdivisions of the Ordoz'ician of Ohio and In- 
diana. 

The Ordovician of Indiana is nicrelv the western extension 
of the Ordovician of Ohio. It presents the same divisions 
and subdivisions, contains the same fauna, and was deposited 
under closelv similar conditions. 

The following subdivisions were proposed by Mr. J. ^i. 
Xickles :* 

( Madison, Saluda .... or Upper Richmond 

Richmond. . .\ L^'^rty**" S °' ^^'^^^^ Richmond 

Waynesville, ^^ Lower Richmond 



Cincinnati 



Lorraine. 



Utica 



' Warren 
Mount Auburn 
Corryville 
Bellevue 
Fairmount 
Mount Hope 

Upper Utica 
Middle Utica 
Lower Utica 



f Probably Low- f ^, 

Trenton | ,, Trenton. ( ^^"^^ ^\t^^^rxK 

3. Dintinution in Thickness of Utica, Lorraine, and Rich- 
mond southiK'ard, 

All of the major divisions and most of the subdivisions di- 
minish in thickness, from the more northern exposures in Ohio 
and Indiana, southward. In the case of the Utica, this di- 
minution in thickness cannot be established within the areask 
exposed in ( )hi(> and Indiana ; however, the entire absence of 
the Utica in south-central Tennessee, in the area included be- 
tween Columbia, Centreville, and Franklin, suggests that this 
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diminution in thickness begins much farther north than Ten- 
nessee. According to Hayes and Ulrich*, the .Utica is absent 
in the Richmond and London quadrangles on the eastern side 
of central Kentucky. Recently Dalmanella multisecta has 
been found nine miles north of Richmond, at Clays Ferry, in 
beds overlying strata referred to the top of the Trenton. 

The Lorraine diminishes in thickness from 290 feet in the 
neighborhood of Cincinnati to 260 feet near Madison^ Indiana. 
In south-central Tennessee, its thickness does not exceed 100 
feet. Along the Tennessee river, at Clifton, a section, three 
and a half feet thick, may belong to the top of the Lorraine. 
It contains Dinorthis retrorsa, a species formerly believed to 
be restricted to the Warren bed, but this fossil hfils been found 
recently in Indiana also in the upper half of the Waynesville 
bed. Elsewhere in the Tennessee river valley of western Ten- 
nessee the Lorraine certainly is absent. 

The Richmond diminishes in thickness from 300 feet in the 
southern part of Franklin .county, Indiana, to 115 feet at Mar- 
ble Hill, 60 miles southwest. In central Kentucky, much thin- 
ner sections are known. In southern Tennessee its thickness 
does not exceed 40 feet and averages about 20 feet; 

3. Diminution in Thickness of* the Subdivisio$is of the 
Lorraine. 

The diminution in thickness of the Lorraine is accompan- 
ied, of course, by a diminution in thickness of certain of its 
various subdivisions. 

No decrease in thickness is noted in case of the Bellevue 
and Warren beds within the limits of Indiana. The Bellevue 
bed is the chief Platystrophia lynx horizon of southern Indiana. 
At Cincinnati, where Platystrophia lynx is rare at this horizon, 
the thickness of the Bellevue bed is about 20 feet . Near Mad- 
ison, in Indiana, its thickness varies from 20 to 24 feet. South- 
ward, in Kentucky, the lower Platystrophia lynx or Bellevue 
bed forms one of the most constant horizons. The Warren 
bed has a thickness of 61 feet at Lebanon, in Ohio. At Mad- 
ison, in Indiana, the thickness of the Warren bed certainly 
equals and probably exceeds this amount; the distance from 
the top of the Mount Auburn layers containing Platystrophia 

* Folio 95, Columbia, Tenn., 1003 . 
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lynx and "^Coeloclema owcni to the top of the Lorraine is yj 
feet, but the lower part of this interval does not contain diag* 
nostic fossils. 

At Cincinnati, the Mount Hope-Fairmount section has a 
total thickness of about 130 feet. In southern Indiana, be- 
tween Vevay and Brooksburg, this thickness averages be- 
tween 90 and 95 feet. The occurrence of Strophomcna plan- 
iconvcA'a, H chert clla sinnaia, PI cc tor this plicatella, and of the 
small Mount Hope form of Platystrophia, species first seen at 
the base of the Fairmont bed in Ohio, near the base of the 
Lorraine section in southern Indiana suggests that the consid- 
erable diminution of the Mount Hope-Fairmount section 
southward is due chiefly to the thinning of the Mount Hope 
bed . 

At Cincinnati, the thickness of the Corryville bed is esti- 
mated at about 60 feet. At Madison, in Indiana, the base of 
the Mount Auburn layers containing Platystrophia lynx and 
Cocloclcma oivcni is 80 feet below the top of the Lorraine. The 
top of the Bellevue bed is between 130 and 134 feet below the 
top of the Lorraine. Bythopora gracilis and Callopora ratnosa 
characterize the section up to 90 feet below the top of the 
Lorraine. The strata intervening between this level and the 
base of the upper Platystrophia lynx layers, known to be of 
Mount Auburn age, consist of nodular limestone and clay of 
unknown age. The thickness of the Corryville bed at Madison, 
therefore, can not exceed 54 feet, and possibly may not exceed 
44 feet. At Lebanon, the thickness of the Mount Auburn bed 
is estimated by Mr. J. M. Xickles at about 20 feet. At Madi- 
son, only three feet can be definitely assigned to this bed, al- 
though the underlying, doubtful section, 10 feet thick, also mav 
belong to this bed. 

At Fredericktown, Kentucky, seventy miles south of Madi- 
son, the top of the great Platystrophia lynx bed, presumably of 
Bellevue age, is about 90 feet below the top of the Lorraine. 
Strophomcna planiconvcxa occurs 107 feet below the top of 
the Platystrophia lynx bed. This indicates the continued thin- 

•All hi-yozt^ans mentioned in this par»er were identified by Mr. R. S. Dass- 
ler. These Identlflcntions in addition t<» manv others form the basis of tho 
stratlgraphlcal work here described. The writer desires to express his great 
obllKatioii.s for the favors received. Although much more abundant collec- 
tions of fossils are necessary to determine the exact limits of ihe various 
siil)di visions in Indiana, the present paper is offered as a contribution pre- 
liminary to such more detailed study. 
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ning southward of the upper beds of the Lorraine, but suggests 
very Httle change in the thickness of the Bellevue-Fairmount 
section between Madison and Fredericktown. In south-central 
Tennessee, the Lorraine section, 100 feet thick, includes thv* 
Fairmount, Bellevue, and Corryville beds; with Piatystrophia 
lynx in the uppermost beds. 

4, Diminution in Thickness of the Subdivisions of the 
Richmond. 

While there is no doubt of the considerable diminution in 
thickness of the Richmond group as a whole, from the more 
northern outcrops in Ohio and Indiana southward, the relative 
diminution of its different subdivisions can not be determined 
definitely until their characteristic faunas are better known. 
However, in the mean time, a number of very suggestive ob- 
servations, connected with the interval between the base of the 
Hebcrtella itusculpta layer and the base of the Waynesville bed, 
also with the interval between the base of the H. inscnlpta lay- 
er and the base of the beds at present referred to the Madison, 
will prove of interest, especially in view of the fact that the 
base of the HerbertcUa inscnlpta layer has been proposed as 
the base of the Liberty division of the Middle Richmond. 

a. Intervals between Hebertella inscnlpta layer, base of 
Waynesville and top of Whitewater beds north of Madison. 

Comparatively little variation is noticed in the vertical di- 
mensions of the interval between the base of the Hebertella in- 
scnlpta layer and the base of the Waynesville bed between Un- 
ion county, Indiana, and Madison. This interval amounts to 
about 83 feet at the localities west of the home of William 
Bauman on McCarthy creek southwest of Brookville; about a 
third of a mile above the mouth of Pipe creek: southeast of 
Cedar Grove on the road to South Gate ; and north of Ilogan 
creek on the road from ]Moores Hill to Holman. Along Silver 
creek in Union county the interval is probably equally great, 
since the exposures of the Waynesville l)ed opposite the home 
of Robert Martin equal 64 feet without exposing either the 
Hebertella inscnlpta zone or the base of the Waynesville bed. 
Southwest of Friendship on the road crossing the southeastern 
corner of section 13, also two miles southeast of Belleview on 
a road crossing Indiankentuck river, this interval is 70 feet. 
Southeast of Belleview, the thickness of the Richmond is 166 
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feet and the interval between the base of the Hebertella insculp- 
ta layer and the Clinton is 96 feet. Along the railroad at Mad- 
ison, the Locke level measurements for the thickness of the 
Richmond are 170 feet, and the interval between the base of the 
Hebertella insculpta layer and the Clinton is 85 feet — both along 
the Canaan road two miles northeast of Madison, and along 
the Hanging Rock road at the northern edge of the city. Mak- 
ing full allowance for errors due to Locke level readings and to 
dip, a local increase rather than a diminution of the interval 
between the base of the H. iitscnlpta layer and the base of the 
Waynesville bed is suggested. South of Madison, Hebertella 
insculpta is unknown. 

The intterval between the base of the Hebertella insculpta 
layer and the top of the Whitewater or the base of the Madison 
bed, on the contrary, diminishes rapidly southward. Half a 
mile southwest of Cedar Grove, on the road to South Gate, this 
interval is 140 feet. Dinorthis subquadrata has a range extend- 
ing from 10 feet above the base of the Hebertella insculpta 
layer to 150 feet above the same. The exposure was divided 
into vertical sections of 10 feet, and in each of these Dinorthis 
subquadrata was found. The rubble limestone overlying this 
Dinorthis section is referred to the Madison bed. At Ver- 
sailles, the interval between the base of the Hebertella insculpta 
layer and the base of the Madison bed layer is 61 feet. The 
base of the lowest massive Tetradium layer is taken as the base 
of the Madison, although Columnaria alveolata is found oc- 
casionally about a foot beneath this Tetradium layer. Two 
miles southeast of Belleview, Hebertella insculpta occurs 44 
feet below a Columnaria alveolata layer. At Madison, along 
the Hanging Rock road, a few poor specimens of Hebertella 
insculpta were found loose about 31 feet below the lowest Col- 
uninaria alveolata bed which here forms the base of the Madi- 
son. This is probably the true horizon for Hebertella insculp- 
ta, since the lowest specimens of Dinorthis subquadrata at this 
locality occur about 28 feet below the lowest Columnaria layer, 
and since in that case the interval between the Hebertella in- 
sculpta layer and the Clinton would be 85 feet, an interval 
known to occur along the Canaan road two miles northeast of 
Madison. 
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South of Madison, Hebertella insculpta is unknown. Cer- 
tain facts, however, suggest that some opinions may be formed 
as to the variation in thickness of the southern extension of 
the intervals between the base of the Hebertella insculpta lay- 
er, the base of the Waynesville and the base of the Madison 
bed, notwithstanding the absence of Hebertella insculpta^ 
These facts are as follows : 

b. Thickness of Hebertella insculpta layer. 

In Franklin county and at St. Leon in the northern part of 
Dearborn county the Hebertella insculpta layer has a thickness 
of seven feet. Northeast of Moores Hill on Hogan creek, also 
two miles east of Cross Plains, it is five feet thick. South of 
Cross Plains it diminishes rapidly in thickness. Its thickness 
is only 1.5 feet three miles southeast of Cross Plains in the 
northwestern corner of section three, and at most points in the 
northeastern part of Jeflferson county. Farther south, careful 
search often is necessary to secure specimens enough to make 
the identification of the Hebertella insculpta horizon certain. 

c. Interval between Hebertella insculpta layer and base 
of Dinorthis subquadrata zone, 

Dinorthis subquadrata entered the field later than H, in- 
sculpta. The base of the D. subquadrata zone usually is sep- 
arated from the top of the H, insculpta layer by a short inter- 
val. At the north this interval apparently is greater than at 
the south. Thus at St. Leon, the lowest specimens of D. sub- 
quadrata occur, about eight feet above tlie H, ' insculpta layer. 
Farther south the interval is five feet; for instance, in section 
3, three miles southeast of Cross Plains, on the Poplar 
Ridge road three and a half miles south of Cross Plains, in the 
southwestern corner of section 19 six miles southwest of Cross 
Plains, two miles northwest of Canaan on a branch of Indian- 
kentuck, and two miles southeast of Belleview on a road cross- 
ing Indiankentuck. Two miles east of Cross Plains the inter- 
val is 3.5 feet. Two miles northeast of Madison on the road 
to Canaan the interval is only two feet ; this appears to be the 
interval also at "Madison. 

d. The Vertical Range of Dinorthis subquadrata north 
of Madison. 

Half a mile southwest of Cedar Grove, on the road to 
c^.-*i- c^^^^ Dinorthis subquadrata has a vertical range of 140 
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feet. In the southern part of Ripley and Dearborn counties 
no sections are known in which the range of this fossil equals 
40 feet. At Versailles, its range is 20 feet. Two miles east of 
Cross Plains, it is 15.5 feet; a single good specimen of Calo- 
poecia cribiformis was found in the upper third of the D snb^ 
quadrata zone. Two miles northwest of Canaan the range of 
Dinorthis subquadrata is 26 feet. At Madison its range is 
about 10 feet. 

From these data it may be seen that the vertical range of 
Dinorthis subquadrata diminishes rapidly southward, also that 
the distance of the lowest specimens of Dinorthis subqua- 
drata from the Hebertella inscidpta layers decreases south- 
ward in such a manner that at the southern exposures the low- 
est specimens of Dinorthis subquadrata evidently are but a 
slight distance above the Hebertella insculpta horizon. 

e. The Vertical Range of Dinorthis subquadrata south of 
Madison. 

At Madison the base of the Dinorthis subquadrata horizon 
is 82 feet below the Clinton, the vertical range of the fossil 
being about 10 feet. At the Pinckney Swan locality, on Sal- 
uda creek, it occurs 75 feet below the Clinton and 65 feet 
above the base of the Waynesville bed. At the mouth of Bull 
creek, it occurs 63 feet below the Clinton, and ranges from 
this point upward for several feet. This diminution of the 
interval between the base of the D. subquadrata bed and the 
base of the Clinton is due apparently chiefly to a decrease of 
the inter\'al between the base of the Dinorthis subquadrata 
horizon and the base of the beds referred to the Madison. It 
accords verv well with the decrease southward of the interval 
between the base of the Hebertella insculpta layer and the base 
of the Madison, shown by the exposures between Franklin 
county and Madison. 

Should the base of the Hebertella insculpta layer turn out 
to be a reliable marker of the base of the Middle Richmond, 
the preceding observations would indicate a very rapid dimin- 
ution in thickness of the Middle Richmond from Franklin coun- 
ty as far as the mouth of Bull creek. The Waynes^tnlle bed on the 
contrary would not show any important variation in thickness 
between Franklin county and Madison, although south of 
Madison a rapid decrease iflt tbtdmess would be indicated. 
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/. The Dclmanclla jngosa zone of the IVaynesznlle bed. 

Quite different conclusions might be drawn from a study 
of the Dalmancila zone, at the base of the Richmond, alone. 
On the north side of Hogan creek on the road from Moores 
Hill to Holman, Dalmancila jiigosa is common from the base 
of the Waynesville bed up to 65 feet above ; it occurs in smal- 
ler numbers as far as the base of the Hebertclla insculpta hori- 
zon, at an elevation of 84 feet. South of Friendship along 'the 
road crossing the southeastern corner of section 13, Dalmanci- 
la jiigosa is abundant up to 40 feet, the base of the H. insculp- 
ta horizon being at 70 feet. Two miles southeast of Belleview 
along a road crossing Indiankentuck river, Dalmancila jngosa 
is common up to 30 feet, the base of the //. insculpta layer be- 
ing at 70 feet. South of Madison, the vertical range within 
which D, jngosa is abundant diminishes rapidly. At the 
Pinckney Swan locality on Saluda creek it is abundant only 
within a few feet of the base of the Waynesville bed. This 
rapid diminution in the vertical range of Dalmancila jugosa 
between Moores Hill and Marble Hill at first thought sug- 
gested an equally rapid decrease in the thickness of the 
Wavnesville bed southward. However, the data recorded in 
connection with the vertical position and range of Hebertclla 
insculpta and Dinortliis subquadrata do not bear out this sug- 
gestion. 

g. The Madison, Saluda, or Upper Richmond bcd."^ 

At Richmond the top of the characteristic Middle Rich- 
mond brachiopod fauna occurs 57 feet below the Clinton. 
Southwest of Laurel, at the Derbyshire falls, the base of the 
Tetradium bed is about 71 feet below. At Versailles, the in- 
terval is 60 feet. Two miles southeast of Belleview and six 
miles north of Madison, Columnatia alvcolata occurs 52 feet 
below the Clinton. At Madison, and at Hanover, the inter- 
val is 54 feet. While the coral bed has not been located along 
Saluda creek or at Marble Hill, the corresponding interval is 
believed to equal or exceed 50 feet. Farther southward, in 
Kentuckv. there is a distinct diminution in the thickness of the 
section referred to the Madison. 
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II. The Vertical Range of Certain Ordovician" 

Brachiopoda. 

5. Ddmcnella emacerata, D. multisecta, D. nieeki, D. 
jugosa. 

The lowest layers of the Trenton exposure along the Ohio 
river opposite Warsaw contain a large species of Daimanella, 
usually 21, and occasionally 26 mm. wide. Compared with 
Dahianella emacerata, its radiating striae are coarser and 
more distant; and the pedicle valve is more convex. Fifty 
feet above the river, west of the home of Louis Botts, the top 
of the Trenton contains Eridotrypa briarcus, Eridotrypa mu- 
tabilis, and Prasopora simulatrix. In the central part .of Ken- 
tucky this species of Daimanella often is fairly common in the 
lower part of the Trenton. Typical specimens of Daimanella 
emacerata occur in the Lower and Middle Utica at Cincinnati. 
The original shells must have been very thin; owing to pres- 
sure they have almost invariably been crushed flat. At Vevay, 
they are found in the Middle Utica, between 90 and 100 feet 
below the top of the Utica. The most abundant brachiopod 
of the Utica is Daimanella multisccta. It ranges practically 
throughout the entire formation. In southern Indiana it is es- 
pecially abundant in the upper part of the Utica, this fossil and 
Dekayella ulrichi extending to the very top. 

In southern Indiana, the top of the Utica frequently is 
overlaid by a bryozoan layer varying from 2 to 4 feet in thick- 
ness, and consisting chiefly of numerous fragments of Callo- 
pora dalci and C. subplana. Constcllaria constellata-prominens, 
Dckayia aspcra, Hctcrotrypa frondosa, and Perenopora vera 
usually are present, but are much less abundant. At Vevay 
this layer contains also Amplcxopora scptosa, Homotrypa cin- 
cinnatiensis, and Phylloporina variolata. In Indiana, Daiman- 
ella muUisccta is practically absent in the Lorraine, being 
known at this horizon only at one locality, Guilford, and there 
only in the lowest beds. 

Daimanella meeki is common in the Fairmount bed at Ham- 
ilton, Ohio. It is common at the same horizon at New Tren- 
ton, in Indiana. It is found in small numbers half a mile east 
of Dillsboro station, near the base of the Fairmount, and 
also west of Dillsboro station, near the upper Strophomena 
planiconvcxa horizon. Southwest of this locality it appears 
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to be very rare. The species is probably represented by Fig. 
Id, of Plate 8, Ohio Pal., Vol. I, 1873. 

In the Corryville bed along the eastern bank of the White- 
water at Brookville is found in considerable numbers a form 
of Dalmanclla closely resembling the species which is so 
abundant in the lower part of the Waynesville bed, provision- 
ally called D. jugosa. It is associated here with Bythopora 
gracilis, Callopora ramosa, Heterotrypa inAecta, Homotrypa 
obliqua, and Leptotrypa clavacoidea. At New Trenton it oc- 
curs in much smaller numbers in the Corryville bed, assoc- 
iated with the same bryozoans ; it is found occasionally also in 
the Mount Auburn bed, associated with Platystrophia lynx, 
Coeloclema ozveni, and undescribed Mount Auburn forms of 
Eridotrypa and Dekayia; it is fairly abundant at the base of 
the Warren bed, associated with Homotrypa pulchra and 
Coeloclema oiveni, species occurring also in the Mount Au- 
burn bed, Coeloclema oiveni being usually diagnostic of the 
Mount Auburn. 

In various parts of Franklin count}', Dalmanella is very 
common in the upper part of the Warren bed: Southeast of 
Fairfield on the L. J. Logan farm it is common both below and 
above the Dinorthis retrorsa horizon. Along Templeton creek, 
a third of a mile east of the Brookville pike, it is abundant. 
At the Bauman localitv southwest of Brookville it occurs in 
the upper part of the Warren bed. About a third of a mile 
above the mouth of Pipe creek, where the hill land reaches 
the creek, Dalmanella occurs for at least 10 feet both above 
and below the Dinorthis retrorsa horizon, the latter being 35 
feet below the top of the Warren bed. The Warren bed form 
of Dalmanella closely resembles the species which character- 
izes the Dalmanella zone of the Waynesville bed. 

There is no doubt that the form characterizing the Dal- 
manella zone of the Waynesville bed was the form for which 
the name Dalmanella jugosa was originally intended since this 
is the only form in the upper beds of the Cincinnati Group 
which can be said to be abundant. Its width often is seven- 
eighths of an inch, occasionally one inch. In local collections 
a small variety, slightly exceeding one-half inch in width, is 
often labelled Dalmanella jugosa; both valves are more con- 
vex than in the larger specimens ; this variety occurs in the 
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Waynesville bed, but it can not be said to be common. Spec- 
imens of this size are found also at the top of the Middle 
Richmond at Dayton, Ohio, and at the top of the Madison 
bed southeast of Westport, Indiana, but are rare. 

6, Strophonvena halite, Sir. planiconvexa, Str, planum- 
bona, Str, neglecta, Str, vetusta, Str, nutans, Str. sulcata, 

Strophomena luillie is cited from the Lower and Middle 
Utica. At \^evay it occurs in the Middle Utica, between lOO 
and 1 20 feet below the base of the Lorraine, associated with 
Amplexopora petasiforvns, also the variety welchi, Aspido- 
para newbcrryi, Aspidopora eccentrica, Batostoma implicatum, 
Ccramoporclla granulosa-milfordcnsis, Hemiphragma zMt- 
Heldi, and Stigmatclla clazns. Between 120 and 128 feet be- 
low the base of the Lorraine the section contains Monotrypa 
subglobosa and Stigmatclla nana, A number of Lower Utica 
forms evidently range higher than hitherto suspected. At the 
junction of Mud Lick and South Fork, half a mile south of 
Milton. Strophomena hallie occurs at the base of the L'p- 
per Utica, 85 feet below the base of the Lorraine, associated 
with Batostoma jamesi, Callopora nodulosa, Cocloclema alter- 
natum, Dckayclla ulrichi, and other fossils of general range. 
North of Rogers Gap, in Kentucky, Str, hallie occurs in 
the lower part of the Utica, associated with Dalmanella mul- 
tisecta and D, emacerata. 

Strophomena planiconvexa, in southern Indiana, occurs 
quite constantly, although in small numbers, near the base of 
the Lorraine, at the top of the bryozoan layer or just above. 
At \'evay it ranges from three to eleven feet above the base; 
at Brooksburg it is eight feet above. 

Four miles north of Vevay, on the Plum creek road about 
two miles south of Jacksonville, this species recurs 52 feet 
above the lower Strophomena planiconvexa horizon, and 
about 33 feet below the lower Platystrophia lynx or Bellevue 
bed. Three miles east of this locality, in the southwest cor- 
ner of section 14, opposite the home of J. W. Evett, a large 
typical gerontic lower Lorraine specimen of Platystrophia 
lynx occurred in the same slab with Strophomena planicon- 
vexa at this upper horizon. The upper horizon is exposed also 
along the upper part of the road ascending the hill east of 
Scott chapel, three miles north of Florence, along the eastern 
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branch of Lock Lick creek. Half a mile northwest of Dills- 
boro station, at the crossing of the road leading north to 
Chesterville, the upper horizon of Strophomena planiconyexa 
occurs II feet above the railroad crossing and about 35 feet 
below the Bellevue or Lower Platystrophia lynx horizon. 
West of Guilford, northwest of the home of George Frieden- 
berg, the upper Strophomena planiconvexa horizon is 60 feet 
above the lower. At the lower horizon, 54 feet above the rail- 
road track, the specimens are small and are associated in the 
same blocks with Plectorthis, small Platystrophia, and rare 
specimens of Dalmanella tuultisecta. The fossil varies in size, 
form, and coarseness of the radiating plications, all variations 
being found at both horizons. This is an interesting case of a 
general recurrence of a species at different elevations. Furth- 
er search. will probably result in finding occasional specimens 
also at intermediate horizons. 

JStrophomena planumbona ranges throughout the Waynes- 
ville bed, although it is comparatively uncommon in the lower 
half. At Concord, Kentucky, it is abundant between 30 and 
35 feet below the top of the bed. It is comparatively common 
and widely distributed in the upper third of the Waynesville 
bed, and also in the Liberty bed. It occurs also sparingly in 
the Whitewater bed, although Strophomena vctxista is far 
more abundant here. The variety elongata is widely distrib- 
uted in the Waynesville bed. Strophomena neglecta occurs 
at Moores Hill about 15 feet below the top of the Waynes- 
ville bed. It is associated with forms not to be distin- 
guished from Strophomena vetusta, so that Strophomena 
vetusta apparently begins its range in the upper part of the 
Waynesville bed although most common and most character- 
istic of the Whitewater bed. Strophomena neglecta occurs 
also at the Xick Senefeld locality, at the north end of frac- 
tional section 26, south of Rrookville, 25 feet below the top 
of the Waynesville bed, and also on Silver creek, opposite the 
home of Robert Martin, at approximately the same horizon. 
At Richmond, Indiana, Strophomena neglecta occurs sparingly 
'at the top of the Whitewater bed. Strophomena vetusta has 
been found in the lower part of the Madison bed in Indiana. 
Strophomena nutans is widely distributed in the W^aynesville 
bed ; one specimen was found in the Liberty bed at Oregonia, 
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Ohio, and another in the Whitewater bed" at Tate hill, east of 
Dayton, Ohio. Strophorne^ta sulcata occurs in all subdivisions 
of the Richmond, but it is common only in the upper part of 
the Waynesville bed and, again, in the upper part of the 
Whitewater. 

7. Dinorthis retrorsa. 

Dinorthis retrorsa has been considered hitherto one of the 
most characteristic fossils of the Warren bed. It is found in 
the Warren bed at numerous localities in southern Indiana, 
although restricted to a vertical range of only a few inches 
near the middle of the bed. At Madison, it occurs 47 feet 
below the top of the Warren ; east of Cold Springs station on 
the Baltimore and Ohio Southwestern it is 32 feet below ; east 
of New Trenton the species ranges from 33 to 35 feet below ; 
half a mile above the mouth of Pipe creek it occurs at least 35 
feet below. 

Recently a variety oi Dinorthis retrorsa has been found 
also in the upper part of the Waynesville bed, about 25 to 30 
feet below the top. It occurs 30 feet below the base of the 
Hebertella insculpta layer, directly in front of the home of 
Nick Senefeld four miles southwest of Brookville, immed- 
iately overlying beds containing Bythopora meeki, Eridotrypa 
simulatrix, Heterotrypa prolifica, Homotrypa flabellaris, and 
Nicholsonella tenera, Dinortlns retrorsa was found loose 25 
feet below the top of the Waynesville bed at the home of Wil- 
liam Bauman, three miles southwest of Brookville. About 
half a mile above the mouth of Silver creek, opposite the home 
of Robert Martin, it occurs 47 feet above the creek and 17 feet 
below the top of the exposure, all of Waynesville age. Here 
Bythopora meeki, Callopora subnodsa, Hetrotrypa prolifica, 
Monotrypella quadrata, Nicholsonella teitera, and Spatiopora 
montifera were found immediately below this upper Dinortlns 
retrorsa horizon. The top of the Waynesville bed was not 
exposed. At all Waynesville localities specimens are rare ; the 
valves are usually separated ; they differ from the Warren bed 
forms in the smaller number and greater width of the radiating 
plications. The Warren form was described by Hall as Dinor- 
this carleyi; a more careful discrimination between Ordovician 
faunas will probably lead to the revival of Hall's name for the 
Warren form. 



Variations of the Ordovician of J^ima. — Foerste, loi 

8. Leptaena rhomboidalis. - ',.. 

Leptaena rhomboidalis ranges in the Warren -bed of ^ War- 
ren county, Ohio, from three to four feet beneath the Din- 
orthis retrorsa horizon to a short distance above this hon^Qi. 
It occurs at the same horizon in Indiana, on Big Cedar creek 
in Franklin county and a mile southeast of Sparta. However, 
it is abundant and widely distributed only in the upper third of 
the Waynesville bed. At the Bauman locality, three miles 
southwest of Brookville, it makes its appearance at the upper 
Dinorthis retrorsa horizon, becomes abundant lo feet higher, 
and extends through the Hebertella insculpta layer. It makes 
its appearance at the upper D. retrorsa horizon also along Sil- 
ver creek, half a mile east of Dunlapsville. A mile and a half 
west of Blue creek postoffice, east of the creek, it is found in 
the Hebertella insculpta layer. South of St. Leon it is abund- 
ant for five feet above the Hebertella insculpta layer, immed- 
iately below the Plectambonites sericeus horizon. Occasionally 
specimens are found at the top of the Whitewater bed at Rich* 
mond. 

p. Rhynchotrema dentatum, Rh, capax. 

Another fossil showing recurrence at different elevations is 
Rhynchotrema dentatum. A variety with fewer and more 
angular plications occurs in the Warren bed, 23 feet below the 
lowest strata definitely recognized as Richmond, half a mile 
southwest of Howard Mill, in Kentucky. The typical form oc- 
curs near the top of the Waynesville bed at Versailles and at 
Metamora. It is rather common in the upper Whitewater beds 
at Richmond and east of Dayton, Ohio. Rhynchotrema capax 
occurs at Madison seven feet above the massive coral layer at 
the base of the Madison bed. It occurs much more abundant 
ly in the other subdivisions of the Richmond. 

10. Plectambonites sericeus, 

Plectambonites sericeus occurs occasionally near the base 
of the Waynesville bed west of Oxford, Ohio. It is abundant 
a short distance above the Hebertella insculpta layer in the 
Liberty bed. 

11. Platystrophia lynx. 

In southern Indiana, and in the adjacent parts of Ken- 
tucky, Platystrophia lynx is very abundant in the Bellevue 
bed. In Ohio, it occurs occasionally in the Fairmount, Belle- 
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vue, and ,^6r5rj^*tille horizons but is not common until the 

Mount Awbih'h bed is reachetl. It occurs in the Mount Au- 

biurn bed '^Iso in Indiana, but, except in. the neighborhood of 

••Nfeijirson, it appears to be very rare at this upper horizon. In 

• , *Phio, specimens are known even as far up as the middle of 

, •/ ' the Warren bed. Many of the gerontic Mt. Auburn specimens in 

Ohio are characterized by the possession of a remarkably short 

hinge line, resulting in a more globose form for the shell. 

12, Streptehsma, Hetcrospongia, Bcatricea. 

Strcptelasma rnsticnm, or rather the form which passes 
under this name in Ohio and Indiana, occurs at Concord, Ken- 
tucky, at 47 feet and again at 58 feet beneath the base of the 
HcbcrtcUa insculpta layer, while DalmancUa jugosa is found 
in abundance only between 44 and 28 feet beneath this layer. 
Hetcrospongia, a branching fonn of unknown affinities, oc- 
curs at Madison eight feet above the base of the Madison 
bed ; at \^ersailles it occurs at the base and also two feet be- 
neath this bed ; along Elkhorn creek near Richmond it occurs 
in the Madison bed about 38 feet below the top. A large 
typical specimen of Bcatricea widulata was found immediate- 
ly above the massive coral layer at the base of the Madison bed 
at Madison, Indiana. 



EARTHQUAKES IN SOCORRO, NEW MEXICO. 

By RUFUB M. Bago, Jk., Socorro, New Mexico. 

Thirty- four earthquake shocks have been felt m Socorro 
during the last three months. Seismographs have therefore 
been constructed in the basement of the Xew Mexico School 
of Mines for more accurately investigating these phenomena. 
Since this work was done we have had one earthquake which 
occurred shortly after midnight on the night of March 8, 
1904. The first decided shock came at 7: 10 p. m.. January 19, 
shaking doors, rattling windows and swaying objects back and 
forth. It was accompanied by a heavy rumbling sound like 
thunder. Several minor tremors occurred that same night. 

The next marked disturbance was on the 30th of Jan- 
uary at 5 : 25 a. m. On the 21st of February at 1 1 : 30 p. m. 
another rather sharp earthquake occurred and there were three 
pronounced jars H"*-***** •***^ *^ght. The last shock was on the 
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eighth of March at 12:26 a. m. The direction of the move- 
ment of the earth-wave during this shock was recorded by the 
writer's seismograph and was found to be an almost true east 
and west movement, the motion being first toward the east 
and then to the west. Though the penduUim swung outward 
and back, making two complete vibrations, and returned to 
the centre, it is probable that there was but one vibration-wave 
instead of a double rocking motion. This is probable from the 
very fine wire used and the length of the pendulum which 
would of itself through momentum be carried out and back 
through the sand bed after the initial jar had passed. 

Upon investigation we find that there have been a number 
of earthquake shocks in this immediate vicinity at various 
intervals during the past and some have been quite violent. 
According to the most reliable evidence at hand from one of 
the oldest residents here there was a strong earthquake on the 
twenty-eighth of April, 1868, and again in April, 1869. This 
latter was the most serious known here. This earthquake shock 
aflFected the water flow in the Socorro springs at the base of 
Socorro mountain. Prior to this disturbance the water flowed 
most rapidly from the southwest corner of the wet area about 
the springs. After the jar it shifted to the north end of the 
water-bearing zone where it still issues forth in abundance, 
but not as strongly as it used to in the area farther south. Fur- 
thermore after this earthquake the water, became muddy and 
of a rustv color and remained so for manv weeks. 

The next violent shock occurred on the sixth of July, 1886, 
when the Countv Commissioners were in session at the court 
house. There was a heavy rumbling sound preceding the jar 
and this was followed by so sharp a rocking of the building 
that the men endeavored to rush out of doors for safetv. For- 
tunately the vibrations quickly passed and the building re- 
mained. 

Again in 1897 another earthquake was felt which is dis- 
tinctly remembered by many persons now residing here. This 
was sufficient in strength to overturn chairs and small ob- 
jects. One man crossinp^ the plaza says that the ground 
seemed to roll towards him and he was forced to stop and sit 
down until the motion passed. 
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The above records are sufficient to show that Socorro is in 
a belt of crustal disturbances which, while they are not violent 
enough to render the region in any sense unsafe, yet they may 
be pronounced enough to be worth careful study and should 
be accurately measured by instruments prepared for that pur- 
pose. With the present improvements made in the seismo- 
graphs in the basement of the School of Mines we shall be in 
better shape to record such earth tremors should they con- 
tinue. There seems to be no record of any damage to public 
or private property, however, although the recent shocks have 
been so pronounced that people are awakened from sound 
slumber when they occur. 

All these jars are of short duration, come at irregular in- 
tervals, and the more violent appear to be followed by a num- 
ber of minor tremors which are more or less distinct. The 
turbidity of the waters in Socorro springs in 1869 and the 
number of fault planes found on Socorro mountain go far to 
substantiate the hypothesis that these earthquakes are due to 
local displacements in Socorro mountain and its outliers. One 
such fault is visible close to the Magdalena railroad track as 
it bends around the mountain at the arroyo crossing a few 
miles from Socorro. These slippings are presumably going 
on slowly with now and then a sudden displacement strongly 
marked which results in these local earthquakes. It is quite 
likely that the region is slowly uplifting which assists in pre- 
serving the rugged* topography of the mountain which is so 
characteristic. That such elevation is assuredly taking place 
in the southwest portion of Colorado among the San Juan 
mountains has already been shown by the geologists of the 
United States Geological Survey who have studied the dis- 
trict. 
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THE SACCHAROIDAL SANDSTONE. 

By G. C. Broadhbad, Coltimbia, Mo. 

In the Missouri geological report published in 1855 profes- 
sor G. C. Swallow divides the Lower Pialaeozoic strata into a 
series of three sandstones and four limestones to which he ap- 
plies the term Magnesian limestone series, as follows, begin- 
ning at the top: 

First Magnesian limestone, 80 to 190 feet. 

First, or Saccharoidal, Sandstone, 80 to 125 feet. 

Second Magnesian limestone, 150 to 230 feet. 

Second Sandstone, 70 feet. 

Third Magnesian limestone, 350 feet. 

Third Sandstone, 50 feet. 

Fourth Magnesian limestone, 300 feet. 

With slight changes these divisions are still recognized, 
and to certain beds, local names have beeen applied. 

The Third Sandstone and Fourth Magnesian limestone 
were recognized by Swallow on the Niaugua and Osage rivers 
in Camden and Miller counties. Their equivalents may in- 
clude the lower lead-bearing limestones of Madison and St. 
Francois counties. Everywhere else they are covered with 
later sediments. The Third ifagnesian limestone is well ex- 
posed on the Gasconade river in Maries and Pulaski and on 
the Osage in Cole, Miller and Morgan. It is the lead-bearing 
rock of Morgan, Miller and Washington counties. The Sec- 
ond Magnesian is the principal rock in the Missouri bluffs 
from the western part of St. Charles county to Moniteau, and 
forms the entire hill at Jefferson city. Certain lead mines in 
Cole, Maries, Franklin and Jefferson occur in it. 

The Saccharoidal sandstone is well exposed for two miles 
along the Mississippi at and near Cr\'stal city, 35 miles south 
of St. Louis, where a thickness of 50 feet of pure white sand- 
stone is seen. Forty miles north of St. Louis it is next seen at 
Westpoint, Illinois, and at Pacific, 35 miles west of St. Louis, 
it is well exposed. 

This sandstone wherever seen is composed of minute round 
grains of silica sometirr.es resembling an o^'»!:te and cemented 
by silica paste and rarely by calcite. Analysis of specimens 
from several places shi-.vs it to be over 99 jxt cent of silica. 
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It is more often pure white, but sometimes colored by iron 
oxide. At Crystal city, Pacific, Augusta and Westpoint it is 
capped by the First Magnesian- limestone. The fact of its 
being so pure and easily crushed caused extensive plate glass 
works to be constructed at Crystal city and these have now 
been successfully operated for thirty years. Near Horine in 
Jefferson county, it is seen 80 feet thick and thence northwest 
to Pacific it is of frequent occurrence. Onfe hundred feet 
thickness is exposed at Pacific, the upper seventy-five feet be- 
ing pure white and easily hauled. There has been a large 
quantity shipped off from here for the past twenty-five years. 
At Valley Park, a few miles east, extensive glass works have 
recently been constructed. 

At Gray's summit the Pacific railroad cuts through this 
sandstone. 

On the Missouri river at St. Albans it is the lowest rock 
seen and at Leffictie Rock it is in the river. 

The hill, one mile below Augusta in St. Charles county, 
shows the following section : 

1. 16 feet of Lower Trenton, on the hill top. 

2. 94 feet of First Magnesian limestone. 

3. 2 feet of coarse calcareous sandstone, somewhat oolitic and en- 
closing calc spar. 

4. I foot of earthy 0(")litic limestone with calc spar. 

5. 2 feet of white and brown sandstone, slightly oolitic. 

6. 130 feet of white Saccharoidal Sandstone. 

7. 2V2 feet of chert. 

8. 3 feet of dark, rough, mottled magnesian limestone. 

9. 38 feet cf Second Magnesian limestone, containing some chert 
and some Cotton rock beds. 

A half mile east, along the bluffs, the Second Magnesian 
limestone dips beneath the horizon and one mile farther the 
sandstone disappears. From here, as we go west, as far as 
Boone,, the standstone is found near the top of the Missouri 
bluffs. On Tuque creek, two miles north of Marthasville, it 
is 127 feet thick and pure w^hite, with the lower beds slightly 
brown tinged. A cave called "the devil's boot'' occurs near 
Marthasville. From the level surface we descend 30 feet to 
the floor. We are there in a room 60 feet wide and 150 feet 
deep, 8 feet high at the entrance and 25 feet high at the far- 
ther end. There is a cave near the head of the Dry fork of 
Charette which has a beautifully ripple marked roof. 
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On bluffs of Lost creek, Warren county, one and a half 
miles from the Missouri bottoms, the section shows : 



I 



57 feet with outcrops of chert and some sandstone. 



2. 20 feet of Devonian limestone. 

3. 15 feet of crinoidal- limestone. 

4. 80 feet of Trenton limestone. 

5. 31 feet of first Magnesian limestone. 

6. 70 feet of Saccharoidal sandstone. 

7. 105 feet of Second Magnesian limestone. 

On Charette creek, Warren county, the Saccharoidal sand- 
stone is seen 84 feet thick, the» upper part white, the lower 
brown tinged, and forming very picturesque scenery, and cov- 
ered with lichens and ferns. Springs of water often issue from 
the lower beds. 

The Saccharoidal sandstone is exposed on most of the 
streams flowing towards the >rissouri in Warren, ^Montgomery 
and Calloway. Five miles southwest of High hill, there is a 
lone hill called the "pinnacle" nearly surrounded by the water 
of Pinnacle fork. It is 88 feet high, with a width at the bottom 
of loo feet, and 540 feet long, the lower 50 feet nearly per- 
pendicular, the upper 12 feet of First Magnesian limestone, 
that below of sandstone. The lower part of the sandstone is 
sometimes deeply weathered and forms gpod shelter for cat- 
tle. 

On WHiitesides branch it forms very picturesque escarp- 
ments capped by the First Magnesian limestone. On Dry 
fork of Lowtre it forms beautiful terraces and escarpments, 
the upp)er 4 feet columnar. The columnar was also seen on 
Lost creek in Warren county and on most of the branches of 
Loutre river. The best example of this was seen on Whetstone 
creek west of Loutre. 

On the Missouri bluffs, near Portland, there is a shallow 
cave in sandstone known as Saltpetre cave. Saltpetre has been 
made here and the walls are coated with a fine white efflor- 
escence. 

At the Clatterbuck ford, on Cedar creek, line of P)Oone and 
Callowav, the section shows : 

1. 52 feet of Devonian limestone and shales. 

2. 25 feet of Fir.st Magnesian limostonc. 

3. 2f^ to 40 feet of Saccharoidal Sandstone. 
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The Saccharoidal sandstone appears in high lands in many 
places in Franklin county and is well developed along the Mis- 
souri in the northeast part of the county, also in the northwest 
between St. John and Boeuff creeks, where Dr. Shumard esti- 
mated it to be 175 feet thick. 

On the Missouri bluffs at the line of Gasconade and Frank- 
lin it has been quarried and uSed in bridge masonry. From 
this place I obtained part of an Orthoceras over 6 inches in 
diameter with a siphuncle over an inch in diameter. The spec- 
imen was over 2 feet long. Fragments of what may be ortho- 
ceratites were also obtained 34 inches in diameter. 

On the top of the bluffs between Cole's creek and the Gas- 
conade, the upper beds are of a beautiful and somewhat banded 
pink color. .Near this there were formerly two large tumbled 
masses of sandstone known as the Little and Big blossom, but 
the railroad builders blasted them away. Farther west the 
sandstone is only occasionally seen, as the Second Magnesian 
limestone more often reaches from the base to the summit of 
the hills. Wolf's point, 30 miles above Jefferson, is the last 
point where the sandstone is to be seen. The last point west 
where it is seen on the railroad is near Svracuse. It is found 
near the Versailles. It is occasionally found on the highlands 
near the Gasconade*for 30 miles from its mouth. 

At Westpoint, 111., it forms a flat anticlinal which exposes 
the rock 75 feet in thickness for a half a mile along the Miss- 
issippi. 

On the west side of the Mississippi in Lincoln county. Mo., 
opposite Cap au Gres, the St. Louis limestone lies horizontal, 
but on the north side of a branch here the rocks are tilted up 
at an angle of 80° and dip southwest, showing the Burlington 
limestone and still farther are older rocks, including the First 
Magnesian limestone, Saccharoidal sandstone and the Second 
Magnesian. Sandy creek, entering the valley three miles north, 
derives its name from the frequent occurrence of sandstone 
along its bluffs. The fold in strata just spoken of is known as 
the Cap au Gres axis. It is recognized in LaSalle county, 111., 
next at Westpoint, in bluffs west of Cap au Gres, thence north- 
west via Auburn, Bowling Green, near New London, and is 
last seen in Missouri near Newark, in Knox county. From 
the Mississippi bluffs it can be traced for several miles by a 
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series of sink holes. Through the northern one-half of Lincoln 
and through Pike and Ralls it approximately follows a ridge 
about 12 miles from the Mississippi. At Westpoint the axis 
must be deep down, opposite Cap au Gres and on Sandy creek 
nearer the surface, and farther north it lies deeper. 

The last place where the Saccharoidal sandstone is seen in 
Missouri is at Jones', near the lines of Pike and Ralls, where 
the section shows: 

1. 6 feet of limestone. 

2. 16 feet of drab shaly limestone. 

3. 30 feet of First MagJiesian limestone. 

4. 4 feet of Saccharoidal Sandstone. 

From Westpoint the sandstone is not seen again until we 
enter Wisconsin and Minnesota. At Minneapolis and St. Paul 
our Saccharoidal sandstone is the well known St. Peter's sand- 
stone. The First Magnesian seems ^ot to be present here, but 
the Trenton rests directly on the sandstone. In southern Mis- 
souri sandstones often occur, and some have been referred to 
as the Saccharoidal sandstone, but .the adjacent strata seem dif- 
ferent. 

At the Insane Asylum well at St. Louis the Saccharoidal 
sandstone was reached at a depth of 1462 feet, showing it to 
occupy the bottom of a basin of that depth whose outer rim 
appears at the surface 30 to 40 miles distant at Crystal city, 
Pacific, Augusta and Westpoint. The thickness in the well 
was found to be 133 feet, or about the same as that which I 
measured near Augusta upon the surface. From Augusta to 
Westpoint it is covered by 700 feet of more recent sediments, 
showing that between Augusta and Westpoint there is a de- 
pression or trough over 700 feet deep extending northwest. 

A mile below Augusta there formely stood out from the 
bluffs a pyramid of rock 40 feet high and 10 feet wide at the 
base — the upper part a few feet of limestone resting on sand- 
stone. This was separated from the bluffs by a few feet and 
on its top a small cedar grew, hence it was long known as 
Cedar hill, but the railroad builders have demolished it. A 
company now operates a quarry a mile below Augusta and 
they take out and ship off large quantities of the sand. Their 
place is now known as "Klondike." Specimens from this place 
show beautifully under a magnifying glass, sometimes a beau- 
tiful cross lamination is seen. 
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At Clayton, St. Louis county, the sandstone is reached in a 
well at 1 145 f^^t and at Houseman's, near Brentwood, at a lit- 
tle over a looo feet depth. Several years ago it was reported 
that just after a sudden rise in the Missouri water in the 
Houseman well rose to the surface. Hearing of this, a project 
was conceived by certain parties to build a dam on the Missouri 
where the sandstone is at the water's edge, which was a little 
more than 20 miles distant. The idea was that the water be- . 
ing dammed up around the sandstone it would thoroughly sat- 
urate it and the pressure would force it along the strata to 
near St. Louis, where it could be utilized. Testing a piece of 
the Klondike rock I found that after remaining in water five 
days the weight of the rock would be increased about 5 per 
cent. But the truth remains that within 50 miles of St. Louis 
there is an inexhaustible supply of the very best sand for 
making glass, clean, pure, easy to crush and showing over 
99 per cent of pure silica. 



A REJOINDER TO DR. DALL-'S CRITICISM ON DR. 

SPENCER'S HYPOTHESIS CONCERNING THE 

LATE UNION OF CUBA WITH FLORIDA-* 

By J. W. Spbkcbk, Washington, D. C. 

I have contoured the continental shelf of the Floridjan re- 
gion,, with lines from 200 to 500 feet apart.! Thus it has been 
found the Bahamas and Cuba are on the continuation of the same 
continental shelf with Florida. I have studied the vallevs in- 
denting this* shelf, their sizes and gradients as well as their 
neighboring geological formations. I have seen in these sub- 
marine valleys and their tributaries such a close analogy to the 
barrancas and canyons incising elevated plateaus and descend- 
ing from them to lower plains, that I have been forced to con- 
clude that they were sculptured by atmospheric agents, and 
this being the case, they became evidence that the continent 
stood at a startling elevation in late geological times. 

• ''Tertiary Fauna of Florida" by W. H. Dall. Wagaer Free last. Sc. Ill, 
1904, p. 1544-. 

t ••Rcconstraction of the Antillean Continent" by J. W. Spbncbm, Bull. 
GcoJ. Soc. Am., vol. vi. pp. 103-140, Jan., 1895. Also other papers On the 
maps, the dose contours have not been reproduced, to avoid confusion of 
the small scale. 



A Rejoinder to Criticism on Hypothesis. — Spencer, iii 

Omitting all the evidential facts bearing upon these fea- 
tures. Dr. Dall tells us that he is still "convinced" that they 
can be otherwise explained, without suggesting in what man- 
ner. He fortifies^ himself with the opinions of his junior col- 
leagues, claiming that they throw *'much more light on the 
subject," of which I can find none. Yet he passes over the 
testimony of other widely separated, but actual investigators 
of the subject. He prominently introduces se\'eral irrele\'ant 
problems, which are not validly pertinent to my hypotheses, 
and with which I have no occasion to disagree, and these he 
discusses in such a manner as would appear to me to carr>' 
the implication that he has removed by counter evidence the 
supports of my hypothesis, which implication cannot for a 
moment be allowed to pass unquestioned. In only one case 
does he raise a >'alid objection, which is easily explained not 
onlv bv mv facts, but also bv those of another who is a dis- 

« « ' * 

tinguished authority. Finally he proceeds to shatter all phys- 
ical investigations on the subject by a dogmatic pronuncia- 
mentum, which together with his treatment forces me to reply. 
And in order to make this reply intelligible. I must give a 
lengthy citation from Dr. Dall's paper, as follows : 

1. *'Dt. J. \V. S'^rxtT hi.*. pTf.^^y^ilrA ^-/m? very «ar.!:r:g h>-;K.<>:tr>e^. 
involving irt t'c.v.: n of ^»:r.€ of t'-e An::]!t« ar^i F'-'n-ia n-.-^r^' 
thousands cf fcrt, ar.d th<-:r ^ti^rrtrgtrict »i:h:n a c'>n:;-ara:ne:y recent 
period of ge^'-'.-gica! t:n::. 

2. **Br the re-earche*. of Prof. R. T. H:!I ar.d Mr. T. W. N'a-ghan 
mocfa ns'.re ':gh! hi* *<rm thr«.»n .n tre ?j^ ;*.ct. 

3. "1 am er '*'•:':» -j-^^i' e t: ^czf^^i Vr. S^/ttkct's h>7K,th*r-<--. wh:> 
ad:i::n:rg rrj^ry fi v.*- fs t- r.t Vrrr.jzr f.rvard. I an: c''r,-.:nc^ thit th-rr 
admit of vrr.e 'A-rr ':x;.'.-i-^:: <i- We f:*"^ in the 0>g^<:tne cf Bw-ien 
lacd sbe''* W.'.r,z" z to z' "'^^. j^^cu!:ar f. ar.-i n-.m :r/'iil:t:r.g tht i/^anc 
of Jzraiicz', ^h/'. ;? «• r. .:*r:t evi-f^ryre thit *:r.ce the era 'i-r:rg i»r '/- 
the Bcmd'-n rrj.r! A-,r '"-'T' •.:*^'i iht :?lirc r<i- ne\tr *^en rrv.rty ..:> 
mtrgcd. V. f. Cv' ;. .t rr.y > d ftrr-r L f^ :zh I cin hi'i v -.'.'z 
myself to v- .-r •: :"•.!: :''e ;»*-'.:\ar '.^r.d ''r-!! fi.r^ i»' • "- > >.• ::.>'- 
acten-t:c '.f tat > i--: c^r -a e 'ter: r ,' ri -"»ct I'-t P- -: '.r-e 

4. "The ;.r: • — 'y - : C :* * t^* r' ' "i s^' - 'ht fir. t'-it •'- «. : i t-r: 
portico* irr ': -;«."-: f -i'-.' : .-t-..-: r.*:*. i*r. .h : i,- '. 'z v.rr 
kzjowr, '.ti to • ' r: *. rrv- rc*-*^ . * z'. err^rrr Vr :rf<'r*r'*e 



i*. '...•*.«■ - 



• - *- 



. . ^c 



tse per.:-'" « v^r- : r- - > c '* .-.v*. -' : ' - 

been ctrt '.#f-tv. t t > "c *rr'* - '. ^ y. * 'i-^* ' er a-" : '"•'^••'' i 

seqoemjy *v. '-^ ? f ►*' 1- 
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5. "There is no doubt that Cuba has been subjected to great geo- 
logical convulsions, but that any considerable part of the island has 
been submerged since the Miocene is extremely doubtful and requires 
proof not hitherto forthcoming. 

6. "According to Mr. Vaughan's observ-ations the great mass of the 
Tertiary limestones of Cuba are middle and upper Oligocene, ... no 
positive identification of Pliocene beds has been made, and the Pleisto- 
cene reef rocks do not occur above the sea at a greater height than 
thirty or forty feet. 

7. "The, on the whole, horizontality of the Floridian strata indicates 
a freedom from violent changes of level . . . Land shells in the Ocala 
limestones show that dry land existed; . . . elevation never exceeded 
100 feet. . . . Denudation of the organic limestones by solution rather 
than erosion is the prominent characteristic of the changes of the sur- 
face. Soft, crumbling under the finger nail, the rocks of the plateau, 
if lifted five or six thousand feet, as claimed by Dr. Spencer, would 
have been furrowed by canyons and swept bodily into the sea. Indeed, 
to me the proposition is inconceivable as a fact and incompatible with 
every geologic and paleontologic fact of south Florida which has come 
to my knowledge." 

The numbering of the paragraphs is mine, given for ref- 
erence. 

As an elevation of about 2074 feet would connect Cuba and 
the Bahamas with Florida by isthmuses, the evidence of any 
greater elevation would have to be sought for far beyond the 
lands of the peninsula, which constitutes Dr. Dall's limitations. 
The great elevation suggested by the occurrence of the subma- 
rine valleys would certainly be startling if contemplated with- 
out study. With me the hypothesis was of slow growth as 
twenty-five years ago I began where my friend now appears 
to be. About 1878, while investigating the problem of the 
origin of the basins of the great lakes, I found in the works of 
Dana and Dawson the evidence of a former greater elevation 
of the continental land^, but it was not until 1889, when I saw 
no other probable explanation of .the submarine valleys, that 
the hypothesis of a late elevation of even 2000 or 3000 feet 
was adopted.* The same continental shelf extended from the 
gulf of St. Lawrence to the gulf of Mexico and it was similar- 
ly indented with valleys. Yet it was another four years before 
I ventured to call attention to the continuation of the same 
features to great depths, t A year later, I published an array 

*"Hiffh Continental Elevation" etc., by the writer. Bull. Geol. Soc, Am ,. 
TOl. i. pp. 65-70, 1889. 

t "Terrestrial Siibsidence S. B. of the Am. Cont.," Id., toI. t, p. 19 with 
map. 
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of facts and announced my hypothesis,* and since that time 
have added the results to numerous surveys confirming my 
belief that the submarine valleys cutting the continental shelf 
were formed by atmospheric agents. And I hope to revise 
the whole subject, brought down to date, in the near future. 

Dr. Dall in paragraph numbered 2 refers to the work by 
Mr. R. T. Hill, which he says throws "much mdre light" upon 
the subject.t From the same paper by Mr. Hill I find a con- 
firmation of (a) my previous observations upon the enormous 
amount of denudation of the white limestones since their up- 
lift with moderate dislocation; (b) the subsequent terracing 
(which means both subsidence and re-elevation) high J above 
the present shore line and (c) the remarkable horizontality of 
the late epeirogenic movements. He also shows how the ter- 
races have been incised by gorges and canyons, but he does 
not follow these features below sta-level. However, I could 
not find anywhere that he had thrown any light upon the er- 
ror or extravagance of my hypothesis as may be inferred when 
Dr. Dall says that he has thrown "much more light on the 
subject." That I am right in this contradiction is shown by 
Mr. Hill's own words. He says: "It might be alleged that 
all the ancient topography, showing subsidence is still beneath 
the ocean level. ... The submarine topography however is 
not within the province of this paper." Thus it may be seen 
that Mr. Hill has not studied the very features upon which 
my hypothesis has been based and consequently he is not in a 
position to throw any light upon the subject in any way, yet he 
ventures an opinion thus: ^'Without committing myself to an 
emphatic negation as yet, I must confess . . . / seriously 
doubt its existence" (that is, late subsidence), and such an un- 
supported opinion Dr. Dall accepts as authority. Nor have I 
been able to find any proof to the contrary furnished by 
Mr. Vaughan. 

While speaking of Mr. Hill, I shall now improve the oppor- 
tunity of correcting Mr, Hill's measurement of the thickness 
of the Tertiary limestones at Mantanzas (in the Yumuri can- 

• "Rcconi traction of the Antillean Continent" by the same, Id., vol. vi, pp. 
103 140. Jan. .1895. 

t Bulf. Mua, Comp, Zool, toI. xvi. pp. 243-288, 1886. M«. HiLL was lent 
to Caba by Pkop A. Agabmz in 1894 to ntndy the raised coral reefs aad 
arrived in Havana just as I was leavinjj the island. 

t Also : "Geoirraphicnl Bvolation of Cuba" by J. W. Spbmcbk, Butt, GeoL 
Soc. Am.» TOl. Tii, 1895. see page 87. 
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yon). Here he gives the thickness at 800 feet. The section 
along the canyon is ahuost directly across the strata, which 
dips uniformly at a moderate angle. It shows an unconform- 
ity near the top and another at the inner end of the canyon, 
and a little beyond there is a fault ; above which I measured 
the thickness and found it to be 1700 feet, and if the beds are 
not repeated at the fault, it was estimated that several hundred 
feet more would have to be added.* This correction is im^ 
portant, as it shows that the limestones here have about the 
same development as is now known to obtain in southern Flor- 
ida on one side and in Jamaica on the other; and it throws 
more light on the amount of denudation of the neighboring 
hills. Furthermore, the discrepancy in his measurement does 
not strengthen the value of Mr. Hill's undigested opinion, as 
above pointed out. 

As expressed in the beginning of paragraph No. 3, I could 
not object to Dr. Dall's dissent from my conclusions* (though 
I should prefer him to accept them), provided he had at- 
tempted to show some other feasible explanation of the phe- 
nomena, which he says he is "convinced that they admit" of. 

In the latter part of paragraph 3 and in No. 4 Dr. Dall cites 
evidence that Jamaica and Cuba have not been entirely sub- 
merged in later geological days. The introduction of this 
topic has no bearing upon my hypothesis, and its treatment 
is liable to leave the impression that here is a strong point 
against my conclusions. The same infelicitous treatment is a 
prominent feature of other paragraphs. In Cuba, the terraces 
and sea caves at about 400, 700 and looo-iioo feet suggest 
that Central Cuba was so submerged as to be represented by 
only a few small islands, though Dr. Dall fails to use such 
evidence of partial submergence in his paragraph 5. It may 
.be added that these recent terraces could not date to the orig- 
inal uplift of the limestones, which even near by in places have 
been entirely denuded away. 

With the cited correlations of Mr. Vaughan (in paragraph 
6), I know of no reason to dissent, buf when the heights of the 
coral reefs are mentioned as occurring to only 40 feet, the one 
inference to be drawn is that this slight change of level is all 
that is recorded, while in reality living species of mollusks oc- 

* "Geological Evolution of Cuba," cited before, page 76. 
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cur in beds to an elevation of 150 feet or more, as Dr. Dall 
would have seen had he referred to my work on Cuba (p. 83). 
And these fossils, from a point nearly opposite the end of 
Florida, were determined by Dr. Dall's colleague under his 
own direction. 

The first real objection, and indeed the only one, appears 
in No. 7, and it is a comfort to reply to it in place of warding 
off intangible inferences. Dr. Dall says that with an elevation 
of 5000-6000 feet the plateau of Florida would have been fur- 
rowed into canyons, of which none are seen in southern Flor- 
ida. Certainly in the very low peninsula, such do not form a 
feature. An elevation of 2100 feet would connect the islands 
with the continent, and to this amount I shall here confine 
myself. An uplift of even this much would extend the land 
far beyond the boundaries of my critic's limitations. 

With atmospheric action on such a raised plateau, it be- 
comes dissected, with remnants intact, until the features grow 
old when only ridges and valleys are left. I had seen in the Flor- 
idian channel and its tributaries such dissection, with Florida 
one of the remnants of the original plateau. My observations 
of the erosion features of high plateaus, which are not of 
great antiquity, show that above the head of the incising val- 
leys the surface may show no depressions or only shallow 
channels. So also the canyons or deep valleys should be found 
nearer the edge of the continental shelf than the now very low 
plains of southern Florida, to which Dr. Dall seeks to iimit 
the evidence. Even here the surface has been levelled over 
by coral reefs or sand accumulations formed since any sculp- 
turing of the Floridian plateau according to my hypothesis. 
This is confirmed by professor N. S. Shaler who finds great 
changes of level as shown by the following quotations : "The 
coast line exhibits a number of flooded valleys . . . some of 
these channels . . . are now completely filled with sand plains 
. . . evidently of considerable depth. It is tolerably evident 
indeed, that if the recent deposits . . . were removed the sur- 
face of the Cretaceous and Tertiary beds would be found 
deeply scarred by gorge-like valleys.*'* 

The above quotation refers to the surface sculpturing, but 
professor Shaler shows in evidence of a great elevation of the 

• BaU, Gcol. Soc. Am., toI. vi, p. 164. 
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peninsula the occurrence of deep subterranean channels in 
the Tertiary limestone. 

He says, after stating that the water of the subterranean 
drainage comes from considerable depths: 

"There is no way in which we can account for the excavation 
of the subterranean channels . . . except by the supposition that they 
were made as caverns in the 'limestone rock, with all their parts above 
the erosion base level. We have to suppose considerable subsidence to 
account for these inverted syphons. It is, indeed, not likely that sound- 
ings would give evidence of value as to the original horizontal plain of 
the exit, for under the existing conditions the channels would be filled 



in. 



He further states that the water coming from depths of at 
least 800 feet in wells, has displaced the original salt water, 
indicating a recent elevation to at least this amount. We know 
of no reason why it should be so limited, as the rock favorable 
for the production of such channels reaches to an ascertained 
depth of over 2000 feet. It is also well known that these lime- 
stones favor the formation of subterranean drainage channels 
in place of canyons and valleys, thereby removing the necessity 
of such valleys as Dr. Dall demands. 

Thus Dr. Dairs only real argument against my hypothesis 
(of a late Tertiary or early Pleistocene connection of Florida 
and Cuba) and his own opinion that the oscillations of Flori- 
da have not exceeded 50-100 feet are not supported when the 
facts are looked into, nor are his conclusions sustained not- 
withstandmg the opinions of his associates, as shown above. 
Tliese gentlemen having been referred to, I may be permitted 
to mention the results of independent and actual workers in 
the same line of investigations as my own. 

In America, on the Pacific coast, professor George David- 
son, t and on the Atlantic side Dr. Warren Upham,t almost 
simultaneously with myself interpreted the submarine valleys 
in the continental shelf as submerged land features. Mr. A. 
Lindenkohl* had brought to light the deep canyon of the Hud- 
son river, showing that the region has lately been depressed 
to a much greater depth than that which divides Florida from 

• Id., pp. 154-156. 

t Bull. Cat. Acad. Sci., vol. ii, 1887, pp. 265, and Ap; 13. Rep., U. S. Coast 
Sarv. for 1887 (1889). 

t Bull. Geol. Soc. Am., vol. i, 1889, pp. 563-567, and in Geot. Mag-. Load., 
Dec. 3, 1890, toI. tH. p. 492. 
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Cuba, and yet it is cut in the continental shelf substantially 
submerged to the same depth in that region as it is off Florida 
and the islands. 

* On the European side of the Atlantic, professor Edward 
Hull (the retired Director of the Geological Survey of Ireland, 
and author 'of the Geology of Palestine including that of the 
complex Jordan — Akabah valley) has pursued the same meth- 
ods of study and interpretation of the submarine valleys a& 
myself, and has published numerous papers on those off the 
European coast.* One of the most important of his drowned 
valleys was discovered by A. Saint Clair Deville. Hull's 
conclusions are supported by professor R. Ethridge, an- 
other paleontologists, who pronounces them as "fully demon- 
strated," thus accepting geomorphic evidence of a land fea- 
ture without the aid of fossils. Professor Hull's conclusions 
and those of his supporters are applicable to my methods, which 
professor Hull freely recognizes. 

I shall now refer to another epoch-making work, a quarto 
monograph just published by professor Fridhjof Nansent (the 
greatest Arctic explorer), on the continental shelves and 
drowned valleys, not merely of the Arctic region, but also of 
the north Atlantic, including part of the American side. Writ- 
ing of the former elevation of some of the now sunken plains, 
he says: 

'The drcwned valleys and fjords at many places make this highly 
probable, and at some places . . . there seems no other feasible ex- 
planation to be found. .Some drowned river valleys on the American 
side of the Atlantic seem perhaps to give still better evidence of such a 
recent elevation. . . . Although Spencer's descriptions of the drowned 
valleys (i.e. southeast coast of the U. S. and in the West Indies) may 
often be based on too few and scanty soundings to be absolutely certain, 
there are evidently a good many submarine features in this region 
which cannot easily be otherwise explained, and which indicate vertical 
oscillations of great amplitude of the shore line as Prof. Spenctr has 
pointed out."t 

Dr. Dairs long studies of the Tertiary mollusks seem to 
have made him overlook the import of the hollows and gullies 
in the older Tertiary limestones of Florida, which are more 

• In a teriei of papers published by tht Victoria iMtitate (1896-1902;. 

t The Norwegian North Polar Expedition nH93-l«96), vol. ir. (XIII **The 
Bathjmetrical leaturei of the Nortn Polar Seo^. with a Di»cuMion of the 
Continental Shelvei and pre%'ioa« OsciUationa of the Shore-line" bj FBIDBJOF 
Namsbm. Quarto, pp. 1-232. plates 1-2^, Christiania, 1904;. 

t Op. eU„p. 192. 
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or less filled up with recent coral and sand accumulations. He 
has entirely passed over the evidence of the subterranean chan- 
nels, which professor Shaler emphasizes as proof of a recent 
elevation of more than 800 feet (in place of 50-100 feet given 
by Dall as a maximum). Strengthening himself with the 
opinions of his junior colleagues, unsupported by evidence, he 
brushes aside the phenomena of the drowned valleys of the 
continental shelf, without considering them. Even in his own 
palaeontological work, he leaves one in uncertainties in the 
correlations. And he has pronounced that **beyond question" 
certain beds are below the newer Pliocene* and yet these con- 
tain a rich mammalian fauna of the later Pleistocene period 
(belonging to the Equus beds). While I have now twice 
passed unnoticed his criticisms, a reply has become necessary, 
and from all the things set forth, I am compelled to pronovmce 
that his arrogant dictum — that the late connection of Cuba and 
Florida is "inconceivable" and "incompatible" with facts in 
any part of Florida — ^has not been sustained by any evidence 
which he has shown, and indeed I have failed to find any geo- 
logical, physiographic, or paleontological features incompatible 
with my general hypotheses, though these may be modified in 
the future and extended. Indeed thev seem necessarv for the 
explanation of several features which I gather from- Dr. Dall ; 
such as the filled superficial gullies, the change from the 
warm Oligocene to the cold Miocene waters, the Pacific types 
of the Miocene of Galveston, problems of the bone beds, etc. 
Then a number of questions we might ask, such as what part 
of the system does the Miocene sheet of Florida represent? or 
where is the evidence of the earlier warmer epoch of the Mio- 
cene as in Europe, and how are time correlations made with 
the Arctic Miocene? This case, like others, may serve to show 
that a specialist, however -distinguished in his own branch, 
cannot be relied on as an authority beyond the valid evidence 
adduced. 

During the ten years since writing the paper suggesting 
the connection of Cuba with Florida, much additional evidence 
bearing directly and indirectly upon the question has been ob- 
tained, confirming* my views. I have also considered in the 
fullest manner the probability of the submarine valleys being 



• Bull. 84, U. S. Geog, Surv., p. 133. 
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due to open faults, not sculptured by atmospheric erosion, 
without finding a vestige of possibility in such explanation. 
But this whole question will be discussed again from the evi- 
dence now obtained. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Geological Suncy of New Jersey, Annual Report of the State Geol- 
ogist for the Year 1903. Henry B. Kummel. Pages xxxvi, 132; 
with 14 plates. Trenton, N. J., 1904. 

Besides the administrative report, noting the work of the last year, 
this volume contains the following five papers: i. Report on a pro- 
posed Tide Waterway between Bay Head and Manasquan Inlet, by C. 
C. Vermeule; 2. The FJoods of October, 1903, — Passaic Floods and 
their Control, by C C. Vermeule; 3. Forest Fires in New Jersey dur- 
ing 1903, by F. R. Meier ; 4. Underground Waters of New Jersey, Wells 
drilled in 1503. by G. N. Knapp; 5. The Mineral Industry and the Ce- 
ment Industry, by S. Harbert Hamilton. 

The St. Lx)uis Exposition commissioners for this state appropriated 
$5,000 for a geological exhibit of the state's resources, under the di- 
rection of the state geologist and S. H. Hamilton. After the close of 
the Exposition, this collection of specimens, photographs, maps, etc., 
will be placed in the State Museum. 

It is announced that Prof. R. D. Salisbury during the present year 
will begin the preparation of a monograph, for this Survey, on the 
surface geology of southern New Jersey, supplementing his previous 
Volume V of the series of Final Reports, which treats of the Glacial 
Geology, limited to the northern part of the state. This work will 
be welcomed as supplying correlation of the stages of the Glacial pe- 
riod with the stages of the Lafayette and Columbia periods, which 
have been so well studied along the southern coastal plain from New 
Jersey to the gulf of Mexico. 

During 1903 the mining of iron ore in New Jersey yielded 289,323 
tons ; and of zinc ore, 279,419 tons. Iron mining is only a half or third 
of its maxima in former years ; but the zinc mining has gradually ad- 
vanced to four or five times its amount as it was six to twelve years 
ago. w. u. 

The United States Geological Suney, its Origin, Development. Or- 
ganization, and Operations. H. C. Rizer, Chief Clerk U. S. G. S., 
Bulletin No. 227. Pages 205 ; with 9 plates and 5 figures in the 
text, both series being mostly maps. Washington, 1904. 
The cl(»e of a quarter of a century of the existence of this Sur- 
vey is an opportune occasion for presenting this history and review 
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of its inception, growth, and work accomplished in its numerous and 
varied departments of surveys and researches in geology, paleontology, 
hydrography and hydrology (the former dealing with surface waters, 
and the latter with underground waters), chemical and physical studies, 
development of economic resources, topographic and geologic mappii^, 
publications, etc. 

Nearly a third part, or, more exactly, 31 per cent, of the entire 
United States, excepting Alaska, has been topographically mapped by 
this Survey. Its geologic maps, in 106 published folios, cover about 
171,000 square miles, or an eighteenth paU of the whole national do- 
main, again excepting Alaska and our island possessions. The map- 
ping of our geology may therefore occupy about fifty or a hundred 
years more. 

Prior to June 30, 1903, nearly 4,000,000 copies of the publications of 
the Survey had been distributed, including the annual reports, mono- 
graphs, professional papers, bulletin^, water supply and irrigation pa- 
pers, geologic folios, and topographic atlas sheets. About two-thirds 
of this distribution of the Survey publications has been done within the 
last five years, showing a great increase in the popular use of the re- 
sults of this national work. w. u. 

Catalogue of the Ward-Coonley Collection of Meteorites, Henry 
A. Ward. pp. 113, 9 plates, morocco flexible covers, $1.50, Chicago, 

1904. ' 

* 

This elegant publication is, like its author, sui generis. Other cat- 
alogues of meteorites have been printed, but they are the product of 
public or corporate institutions. Treatises on meteorites have been 
printed, but they have been extended descriptions and discussions. No 
catalogue lists so many falls as this. There are four "world collections" 
of meteorites, that of the British Museum, 577 falls, (catalogue of 
March, 1904), that of Vienna, 560 according to its last catalogue (Oct., 
1902), that of Paris, 466 (catalogue of 1898), and the Ward-Coonley 
collection, 603 falls. 

Dr. Ward gives a sketch of his methods of building up this col- 
lection. It is mainly by exchange, but this has been coupled with world- 
wide travel and liberal purchase. In four years this collection increased 
179 falls, or 45 falls per year. Such growth, for a collection which al- 
ready contained 424 falls, "is unprecedented in the history of meteorite 
collections." 

The work does not go into the chemical or mineralogical details 
of composition of any of the specimens, but gives interesting statistics 
of date of fall, where described, name (and its synonyms) and tax- 
onomic classification according to Brezina's system. The catalogue also 
includes an alphabetical list of all known meteorites, with note of such 
synonyms as are important, also a list showing the geographical dis- 
tribution of all known meteorites, the total number being 651. The 
Ward-Coonley collection embraces 229 falls from North America, 31 
from South America, 213 from Europe, yy from Asia, 27 from Africa, 
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and 26 from Australasia and the Sandwich Islands. Its total weight 
is 5,509 pounds, and the average weight of all kinds is 9V» pounds, the 
total numher of specimens large and small about 1,600. 

This collection is now "on deposit" at the American Muaeum of 
Natural History, Central Park, New York. n. h. w. 

The traces of the mountain building process in the coasts of the Don 

river between the villages Kletskaia and Trechostrovianskaia (in 

S, E. Russia) f by Alexander W. Pavlow ("Semlevieoenie," 1902, 

N. IMII). 

The paper contains a brief description of one of the regions of the 
S. E. Russia studied by the author from the geotectonic side.' 

The locality in question is the extreme eastern part of the Don river, 
where the river sharply changes its course from the eastern direction to 
the southwestern (a little northerly of the village Trechostrovianskaia). 
The investigations of the author show, that the series of Carboniferous, 
Jurassic, Cretaceous and, probably, Tertiary rocks, developed in this 
region, arc compressed into a large unsymmetrical anticlinal fold, with 
strike in a N. E. direction (about 30"). This strike in general coin- 
cides with the principal direction of the portion of Don immediately 
below the extreme eastern point of the river. Thus, the part of the 
valley (with a W — E direction) is a transversal valley, the parts with 
the NE direction form a longitudinal. 

The described fold must be regarded as an extreme western por- 
tion of the "region of the pcricaspian dislocations'* (of the author), 
connected with the disturbed regions on the rivers Archeda and Med- 
vieditza and perhaps with the inclined rocks near the village Tioplowka 
(in the government of Saratow) situated in the north of the city Sar- 
atow. 

The western part of the summit level of Volga-Don represents 
probably the eastern portion of the fold. 

According to the author there is no proof of the existence of any 
fault, as has been supposed by Mr. Leon Dru. If any fault exist, prob- 
ably one can find it on the summit level of Volga-Don. 

Notes on a Section across the Sierra Madre Occidental of Chihuahua 
and Sinaloa, Mexico. (Am. Inst. Min. Eng., Nov., 1901.) 
This paper contains an ideal cross section and description of the 
Sierra Madre between Parral and the Pacific coast. The results of 
these observations are new and important. It is shown that the 
Sierra Madre is not a mountain range, but a great phteau, deeply 
trenched by river canyons, and bordered westward by a great abfall, 
with a fringe of mountains carved by erosion from the edge of the 
plateau. The geologic structure shows a base of eroded Cretaceous 
shales and limestones, covered by andesitic rocks, partly lava flows, 
partly fragmental. volcanic accumulations, which are cut and niieta- 
morphosed by quartsmonzonyte, dioryte, and granite. The eroded 
surface of these earlier igneous rocks is covered by dacitic and rhy- 
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olitic rocks, several thousand feet thick, capped by occasional basalt 
flows. 

The recognition of Tertiary granitic rocks in Mexico is entirely 
new. The order of succession of the igneous rocks is: i.Andesyte, the 
oldest ; 2. Trachyte : 3, Granitic rocks ; 4. EVacyte ;5. Rhyolyte ; 6. 
Basalt. 

Harriman Alaska Expedition, Volume IV, Geology and Paleontology. 

B. K. Emerson, Charles Palache, William H. Dall, K O. Ul- 

RICH and F. H. Knowlton. New York. Doubleday, Page and 

Company. Roy, Oct., pp. 173, 33 plates. 

Including the Introduction (by Dr. Girhert) there are eight "parts" 
of this volume, Dr. Palache furnishing three, viz: General Geology, by 
B. K. Emerson, 56 pages ; The Alaska- Treadwell mine. Geology 
about Chicagof Cove, and Minerals, 40 pages, by Charles Palache: 
Neozoic invertebrate fossils, by William H. Dall, 26 pages; Fossils and 
Age of the Yakutat formation, by EL O. Ulrich, 24 pages; and Fossil 
Plants from Kukak bay, by F. H. Knowlton, 13 pages. 

The descriptions by Dr. Emerson include such observations, on the 

structure as could be made at the various points at which the cruise 

halted, supplemented by later study of the specimens collected, illus- 
trated by flgures and plates. The notes on the microscopic thin sections 

are valuable and interesting — especially the metamorphic rock described 
from St. Lawrence island in which the clastic grains of a graywacke are 
intact in a paste of actinolite needles, the actinolite having resulted from 
alteration of the original matrix (p. 40). He found but little evidence 
of rocks older than the Carboniferous, while the Vancouver series of 
G. M. Dawson, of Triassic, or early Jurassic age, plays a very im- 
portant part in the geology of the coast even to Plover bay in Siberia. 
A variety of igneous rocks, in which granite is common, are associated 
with these sedimentary series. 

Mr. Palache's description of the Treadwell mine supplements that ox 
Becker, and is specially full on the new workings opened between 
1895 and 1899. The rock of the country is a black slate. The ore con- 
sists of "a somewhat silicified sodium-syenyte which has been intruded 
as ?- large dike . and ^ater charged with gold-bearing pyrite by 

mineralizing solutions." This syenyte is not much altered even where 
gold-bearing. It consists essentially of albite with pegmatitic quartz, 
and orthoclase. The ferromagnesian numerals are lost. The accesso- 
ries are apatite, titanite and sparingly zircon. The secondary products 
are pyrite, abundant in sharp crystals, calcite, sericite, epidote zoisite 
and sagenite groups of rutile. The walls are uniformly black slate, 
except that in some places a late intrusive, more basic, has entered 
between the syenyte and the black slate. This, when not altered, resem- 
bles gabbro, and so it was named by Becker. The Treadwell Com- 
pany had running 880 stamps, and were crushing of this ore approxi- 
mately four tons per day per stamp. 

Dr. Palache describes in some detail the geology of a small area at 
Chicagof cove which is opposite the Shuniagin islands, and gives a 
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geological sketch map. This region is for the most part occupied by a 
scries of Eocene sediments to which he applies the name Stepovak 
series, and divides them into upper and lower. They have been con- 
siderably folded and faulted, and intruded by a laccolitic rock, a dior- 
yte porphyryte that sends off numerous radial dikes into the adjoin- 
ing sediments. The lower Stepovak beds are coarse breccias and ag- 
glomerates and fine tuflFs cemented by secondary silica and by other 
alteration products, the whole plainly of pyroclastic origin, and but 
slightly fossiliferous. They are hence probably of local and perhaps 
quite restricted distribution and will be difficult to co-ordinate with 
any other igneous rock mass in Alaska. The upper beds are evidently 
of marine deposition, consisting of soft shales, sandstones and grits, 
with some thin beds of limestone and now and then a chert band. They 
are the principal rocks of the. region, forming the coast line, having a 
thickness apparently of more than a thousand feet. According to Dr. 
Dall the fossils found in the Stepovak series denote the Claiborne 
(Middle Eocene) age. 

Dr. Palache describes and figures a laccolith of intrusive rock in the 
Stepovak series, exposed near the summit of Chicagof peak. The in- 
trusive rock is augite-dioryte-porphyryte, dark colored, gray to green- 
ish-gray and fine-grained with porphyritic crystals of hornblende and 
labradorite, more rarely of augite. The author speaks of hornblende 
surrounding pyroxene cores, but "clearly original." From this lac- 
colith numerous radiating dikes pierce the sedimentary rocks, the pre- 
vailing type being an alkali-syenyte-porphyry, the porphyritic element 
being black hornblende, while in the groundmass are crystals of albite, 
and but rarely an insignificant amount of quartz. Other dikes are pe- 
trographically named latyte, hornblende-dacyte, dioryte-aplyte, dioryte- 
porphyrjrte, olivine diabase and diabase porphyryte, without chemical 
analyses. 

In the section on minerals Dr. Palache enumerates all minerals seen 
by the party, not including the rock-forming minerals. He modestly 
states that this catalogue is not extensive, but it contains 33 names. 

The invertebrate fossils of the Neozoic are described by Dr. W. H. 
Dall. the oldest being those of Stepovak bay. The next higher are 
"logically" the Kenai series on the peninsula separating Port Moller 
from Herendeen bay immediately to the westward. These are coal- 
bearing, and are overlain by a thinner series of Miocene age which is 
also much broken by volcanic dikes and intrusions of lava, found in 
numerous localities along the north shore of Popof island. An im- 
portant stratigraphic result of the expedition therefore is the addition 
of a fully established lower series to the Eocene of Alaska. Of the 
Stepovak fauna there are 34 species, of which 32 species are from the 
"upper beds," and two, belonging to Modiolus and Cassis, but un- 
identifiable as a species, are from the lower, or volcanic beds, of the 
whole number eleven being described as new. 

To tlie Kenai, or Astoria, series of the Miocene Dr. Dall refers the 
fossils from the Shumagin islands, immediately south of Stepovak bay. 
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enumerating not only those recently found, but those previously col- 
lected by himself and by Grewingk, making 31 species, 16 more than 
formerly known. 

Certain boulder-clay deposits at Juneau contain Pleistocene fossils, 
marine invertebrates, to a hight of about 200 feet above present 
high tide, indicating that the land then was at least 200 feet lower 
than at present and the climatic conditions somewhat colder. The ge- 
ological features of this vicinity have been discussed by Mr. Gilbert 
in vol. iii of this series. There are 19 species of which two are not 
known in the recent state. 

The tossils of the Yakutat formation are discussed by Mr. Ulrich. 
They are mainly from near Kadiak, on an island off the Alaskan penin- 
sula northeastward from the Shumagin islands, although the name was 
given by Russell in 1891 to a locality near Hidden Glacier nearly 500 
miles to the eastward. These localities are bound together stratigraph- 
ically by the occurrence of a fossil of definite character, Terehellina 
palachei, common to them all, although there are 18 species in all, 13 
being new. Their upper Liassic age is shown by the direct evidence of 
four European species characterizing that age, viz: Chondrites divari- 
catus F. — O., C. alpestris Heer, Helminthopsis magna H. and H. ? 
labyrinthica H., the latter genus being known only as Liassic. The most 
of the fossils are fucoids. 

F. H. Knowlton describes the fossil plants from Kukak bay situated 
a little north of west from Kadiak island, of which he enumerates 26, 
amongst which the confers and the birches prevail. He describes nine 
new forms, seven are not named specifically being branchlets, seeds, 
scales, etc., leaving ten species previously known. Without hesitation 
they are referred to the upper Eocene. 

The expedition was an excursion, but with the experienced geolo- 
gists who composed the party there could hardly be a failure to gather 
important scientific data. The published volumes bear testimony to the 
industry with which they studied the regions where the temporary camps 
were made, and to the skill and learning with which the data are 
discussed. It is not an exhaustive treatise on the geology of the 
coasts of Alaska, but it is exhaustive and conclusive on the questions 
presented for discussion. Its authority will stand profcably unimpaired 
by future observations, and it will have to J)e consulted by future 
geologists who attempt to add to the geology of Alaska. N. h. w. 
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PERSONAL AND SCIENTIFIC NEWS. 



Prof. H. F. Osrorn, now in Europe, will lecture on the 
evolution of the horse at Cambridge, England. 

Dr. J. B. Hatcher, of the Carnegie Museum at Pittsburg, 
Pa., died July 4, of typhoid fever at the age of 46 years. 

Professor Raphael Pumpelly is making archeological 
excivations for the Carnegie Institute in Russian Turkestan. 

Yale University conferred the degree of doctor of laws v 
on president Charles R, Van Hise of the University of Wis- 
consin. 

The Eighth International Geographic Congress, 
which meets in this country in Septeml)er, will have sessions 
at Washington, New York, Niagara Falls, Chicago and St. 
Louis. 

The American Museum of Natural History has three 
expeditions in the field this season searching for specimens -of 
vertebrate paleontology. These are under Mr. Walter Gran- 
ger, Mr. liarnum Brown and Mr. Albert Thompson. 
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The Tenth Meeting of the Lake Superior ^Ii: 
Institute will be held Aug. i6, 17, and 18 at Ironvi 
mES, Mich. There will be an excursion to Milwaukee and CTii< 

Not It promises to present a ven- interesting and valuable 

ty. (2 gram. 

l^Q^f According to Dr. J. C. Branner the "stone reefs' 

PS, the Brazilian coast are entirely distinct from cc^ral reefs, 

July, are due to lithification of beach sands in place — consolici<i 

l^yHl sand approaching quartzyte. Their existence forms man\- 

TYi the harbors on which are important cities. They usually . 

1904.) nearer the land than the coral reefs whenever both occu - 

I^UH the same place. They are flat-topped and flush -with the >i 

o" face of the sea at high tide. 

1, p. According to Professor H. F. Osborn there are in tl 

^/^B American Museum of Natural History remains represent in 

E upwards of 770 specimens of fossil horses. In 1900 "a lierd 

(22 of six Pleistocene horses were discovered belonging to r'l 

3Hl new species Eqnus scotti. Explorations have demonstrate< 

n the existence of two and probably three collateral lines < J 

vol. horses contemporaneous with the Protohippus line which f.s 

3M regarded as the lineal ancestor of the true horse. 

Mr. Charles Schuchert, Assistant Curator, Division of 
No Stratigraphic Paleontology in the U. S. National Musciini, 

81V since 1894, has been appointed Curator of the Geological Col- 

lections in the Peabodv Museum and Professor of Pale^^n- 
Sti tology in Yale University, also Professor of Historical Geol- 

ST ogy and member of the Governing Board of Sheffield Scien- 

tific School, succeeding the late professor Charles Emerson 
s< Beecher. 

T During his period of service in Washington Mr. Schiichcrt 

has shown himself more than usuallv efficient, and his J(s> 
p will be deeply felt. 

t Professor Schuchert's address after September ist will he 

New Haven, Connecticut. 
1 Amygdaloid in Manitoba. According to the last "Siim- 

\ ' mary report" of the Canadian Geological Survey (for 1903) 

outcrops of copper-bearing amygdaloid have been discovered 
on lake Manitoba in Manitoba. The strike seems to run SE 
and NW, rising about ten feet above the general level of the 
plain with an apparent slight dip toward the west in which di- 
rection they run under almost horizontal beds of gypsum. 
**Cavities near the surface are nearly always empty and lined 
with a coating of white substance, occasionally they are filled 
with greenish earth or with crystals of zeolites. Small parti- 
cles of copper can be seen with the microscope and some 
copper carbonate. Small areas of jasper conglomerate are 
associated with the amygdaloid, but their relative position is 
imcertain." 
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THE ORBICULAR GABBRO OF DEHESA, 

CALIFORNIA.^ 

By H. H. KB88LHB and W. R. HAMILTON, 
Stanford UniTcrtity, Cal. 

PLATB8 VI— X. 

Occurrence. The rock which forms the subject of this pa- 
per was first found in 1901, as a small piece of float, beside the 
road, near Dehesa, by Mr. Marion Powers. This specimen 
was sent to professor A. C. Lawson at the University of Cali- 
fornia and was discussed by him in a brief paper before the 
Cordilleran Section of the Geological Society of America, at 
its meeting of December, igoi.t Since the work of prepara- 
tion of the present paper has been completed, there has come 
from the press, a paper by professor Lawson on the same sub- 
ject, t 

The orbicular gabbro occurs in a boss of gabbro which 
broke through the surrounding granite and which forms nearly 
the whole of the first hill which rises to the northwest of De- 
hesa post office. This hill is very steep and rises to an ele- 
vation of 1800 feet above sea level and 1300 feet above the 
Sweetwater river, which flows at the base. 

. The locality is on the El Cajon sheet of the LJ. S. Gcol. 
Survey, the exact locality being Long. 116° 52' \V., Lat. N. 
32° 47'. This gabbro boss has an area of approximately one 



• The authors are indebted to Dr. J. P. Smith, of Stanford University, for 
adyice and assistance. 

t On an Orhicolar Gabbro from Snn Dirf^o Co., Cal., by Akdkew C. Law- 
son, Berkeley, Calif. Science, (New Scries), vol. xv, p. 415. 

X The Orbicular Gabbro at Dehesa. San Diego Co., Cal., bj' Andrbw C. 
Lawson. Bull. Dcpt. Geol. Unir. Cal., vol. iii. No. 17. March. 1904.. (The 
writers had begrun preparation of this paper before they knew that the paper 
of Prop. Lawson was being prepared.) 
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square mile. Over only a small area, which is near the cen- 
tre, are the orbicular rocks found. About two per cent of the 
boulders in the small area, show the orbicular structure. 

Geological relations. The granite through which the gab- 
bro has broken is, with slight variations in petrographical 
character, continuous over a large part of San Diego Co. 
Fairbanks* has done some work on the region and he men- 
tions many phases of the crystalline rocks, but no detailed 
petrographic or chemical analyses have been made of the 
rocks in the locality. 

The granite is evidently older than the gabbro. There 
is no fusion contact visible. The contact can be easily traced 
on the surface and is often found to lie in small water courses, 
showmg less resistance to erosion. The gabbro is fresh though 
considerably shattered, and exists as huge angular boulders 
lying in irregular heaps and as isolated masses. In no place 
can it be found in a large mass in sittt. The mass was evident- 
ly consolidated before the uplift, and shattered during that 
interval. Owing to this shattering of the gabbro mass, the 
boulders of orbicular gabbro have been isolated. The writer 

• 

spent several days examining the area and in no place could 
the orbicular rocks be found in place. It is evident from an 
examination of the boulders, that the orbicular portion oc- 
curred in the original mass as a dyke, the character of the gab- 
bro on either side being identical. In some of the larger boul- 
ders it is found as a dyke, trom one to eight feet in thickness. 
In such cases the line between the orbicular portion and the 
barren portions of the rock is clearly defined. No orbicular 
rocks were found at any place nearer than 400 feet from the 
contact with the granite, so it is probably not a contact phe- 
nomenon. 

General Petrographic Chqra4:terlstics. 

The normal gabbro. The main body of the boss is made 
up of a coarsely crystalline, mesocratic, hornblende gabbro. 
The texture varies from microcrystalline to coarsely granitic, 
with large crystals 10 mm. to 15 mm. in diameter. The most 
notable petrographic feature is the profusion of these horn- 
blende crystals. Dykes or segregation veins, two to ten inches 

— ._.-.-.--■ ■■ ■ - ■ 1^ ■ 

* lltb Ann. Report of the Cal. State Miaiag Bureau, 1893, pp. 76-120. 
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in thickness are seen in many places, made up almost entirely 
of black hornblende crystals. Some of these hornblendes 
were noted nearly four inches in length. They seem to be well 
distributed over the gabbro area. 

A peculiar wavy banding is often seen in the gabbro bjul- 
ders. It is made up of alternate layers of light and dark min- 
erals, the band usually continuous in width, despite its undulat- 
ing arrangement. This appears to be fluxion structure. 

The principal constituents of the gabbro are: plagioclase, 
hornblende, olivine, hypersthene and oxide of iron. 

The feldspar usually predominates, though the hornblende, 
owing to its resistance to weathering, is the most prominent 
on the weathered surface. The extinction angles of the feld- 
spar vary 26° to 40°, measured from albite lamellae. Twinning 
after the albite and pcricline laws is common. The twins of- 
ten show evidence of crushing — fraying out or ending abrupt- 
ly. In some hand specimens the feldspar contains inclusions 
of olivines. In others the olivines contain the feldspars as in- 
clusions. The former occurrence is the more frequently noted. 
The hornblende is of the brown basaltic type. Extinctions 
cAc as high as 16*' have been noted. It has a strong pleo- 
chroism, brown to yellowish. A cleavage angle of 123° was 
noted in the hand specimen. 

OHvijj^is usually very fresh, but in thin sections taken 
e surface a great variety of decomposition pro- 
en. Hornblende, actinolite, tremolite, chlorite,, 
pontine, limonite, and an unidentified member of 
y^^^O'wa-^ ^oup, were noted as secondary to olivine. 

—** « J^ ^^ ne is usually partially uralited, enough of the 

^'"'^^T^} ir^\,y^ ^Vin 'sthene usually being left to show the origin of 

^ —*-*-• ?- In one section the hypersthene was almost 

. /eloped in a network of magnetite. In the same 

""JJ^V//^/ i vines are also seen to have similar inclusions. 

Mion was probably caused by the presence of a 
^ 3e of iron when the ferromagnesian mineral 

1^0 '^""^"^ The pleochroism of the hypersthene is distinct, 

• 

almost entirely absent. In only one thin section 
G } ^2 4-yf ind in that its. identity was not very clearly es- 
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The orbicular rocks. Three distinct varieties of orbicular 
structure were noted: one showing neither concentric nor 
radial structure; another showing concentric, but not radial 
structure; and a third showing both concentric and radial 
structure. 

The first variety was noted in only the most weathered 
rocks. It was found farthest up the hillside, the highest boul- 
der being found about 400 feet from the summit, on the south 
side. It consists of seemingly homogeneous balls which stand 
out on the weathered surface as balls instead of being seen as 
rings, such as the other two varieties show. A fracture of the 
rock merely separates the balls, showing them to be more re- 
sistant than the matrix. The balls are made up of finer crystals 
than the material surrounding them. They are usually about 
30 mm. in diameter, but one was found three inches in diam- 
eter. In places on the surface of the ground these spheroids 
are found to be so plentiful as to give the appearance of water- 
worn pebbles. In the spheroids of this variety the feldspars 
show evidence of crushing. . The olivines occur in rounded 
grains. There is no development noted, either toward con- 
centric or toward radial structure. 

The second variety, of which the largest part of the obi- 
cular boulders is composed, consists of an outer ring of feld- 
spar 3 mm. to 4 mm. in thickness and about 40 mm. in diam- 
eter (Pis. \'III and IX). This surrounds a nucleus which is 
seemingly little different from the outer matrix. In the cen- 
ter is found a sponge-like bunch of feldspars. The feldspars 
in the outer zone have no regular orientation. Concentric 
rings of olivine are seen, but otherwise the zone is composed 
of feldspar entirely. 

The spheroids are usually round, but are sometimes flat- 
tened. In such cases the feldspars show evidence of crushing, 
denoting that movement of the mass took place after consoli- 
dation. There is no suggestion of radial structure in this 
variety of spheroid. There seems to be no regularity of orien- 
tation in any of the feldspars. (Fig. B, PI. V). The feldspars 
usually average about 0.4 mm. to 0.5 mm. in diameter. The 
line between this outer feldspar zone, or periphery, and the 
darker minerals of the matrix, is clearly defined as is the line 
between the zone and the nucleus. 
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This rock has generally a greenish color from the super- 
abundance of green decomposition products of olivine and hy- 
persithene. Ih the field, rocks were noted with this variety of 
spheroid and with dykes of hornblendic material cutting 
through the orbicular portion, and with the hornblendic por- 
tion itself orbicular. 

The third variety is the rarest of the three. This one is of 
the same type as the one described in professor Lawson's pa- 
per. The outer zone has a distinct radial and concentric struc- 
ture (Fig. B, PI. V and PI. X). It is much wider than the 
corresponding zone in the second variety, being about 12 mm. 
to 15 mm. in thickness and about 60 mm. in diameter. The 
spheroids are best seen on a weathered or a polished surface. 
From an examination of the hand-specimen, the observer 
would suppose the orientation of the feldspars to be radial. 
Upon a microscopical examination of a thin section, however, 
the radial appearance is seen to be due to radiating olivines, 
whereas no definite orientation whatever has been noted in 
the feldspars. The nucleus is made up of about equal quanti- 
ties of light and dark minerals, with the dark hornblende pre- 
dominating. Feldspars arc found in the nucleus as inclusions 
in hornblende (Fig. A, PI. VII). Where it occurs as such it has 
a corroded surface and a roundish outline, probably showing 
that there was a partial resolution of the feldspars in the orig- 
inal fluid magma. These corroded feldspars appear snow- 
white when seen in the hand-specimen. 

The feldspars give extinction angles which vary from 27** 
to 40°, measured from the albite lamellae. In the hand-speci- 
men they often show iridescence, showing a beautiful play of 
colors similar to that seen in the typical labradorite. Their 
average size is about 0.22 mm. in diameter. 

The olivines are long, lathe-shaped aggregates varying in 
width from 0.03 mm. to 0.20 mm. and in length from 0.8 mm. 
to 1.4 mm. At certain intervals can be seen concentric rings 
in which the olivine is lacking (Fig. B, PI. VII). These rings 
are about 0.06 mm. in width. The olivines nearly all contain 
minute inclusions of feldspar averaging about 0.006 mm. in 
diameter. This shows that the feldspars already existed as 
such when the radial arrangement of the olivines took place. 
The olivine is very fresh and has high interference colors. 



138 The American Geologist. September. i904 

The relief is high (Fig. B, PL VII). The only alteration pro- 
ducts noted are serpentine and occasionally hornblende. 

Hypersthene occurs in irregular patches associated with 
olivine and magnetite. Pleochroism is distinct, pale greenish 
to pink. The extinction is always parallel to the pinacoidal 
cleavages. 

Hornblende is very common in this rock, both in the nu- 
cleus and in the matrix which separates the spheroids. The 
black minerals are well shown in the figure of the hand spec- 
imen. 

The periphery merges into the surrounding rockmass. 
There is no abrupt change in the preceding variety. The 
change from the radial zone to the nucleus is also gradual. 

Chemical Properties. 

One partial analysis was made of the obicular gabbro of 
the third variety. Samples were taken from all parts of the 
fresh surface. The sample was made to represent, as nearly 
as possible, the entire composition of the rock. With this 
analysis are given, for comparison, the analysis of a spheroid 
given by professor Lawson*, and a partial analysis of an 
orbicular noryte from Plumas Co., Cal., described by Mr. H. 
W. Turner, t These are seen below : 
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I. Orbicular gabbro, Dehesa. Horowitz, analyst. 
II. Spheroid of orbicular gabbro, Dehesa. Howson, analyst. 
Ill.Orbicular noryte, Plumas Co. Steiger, analyst. 

A comparison of I and II does not show any great change 
in the chemical contents between the spheroid and the matrix. 
That the matrix is higher in SiOj may be due to the fact that 
the hornblende predominates, while in the spheroid the feld- 
spar predominates. The calcium and magnesium are practi- 

• Uoc. cit.. p. 39*. 

t 17th Ana. Rcpt., U. S. Geol. Surr., p. 642. 



Orbicular Gabbro, — Kessler and Hamilton, 139 

cally the same in both. This similarity in chemical composi- 
tion seems to denote that the cause which set about the form- 
ation of the spheroids was not a chemical phenomenon. 

Other Occurrences, 

Orbicular granites have been noted in many localities, no- 
tably from Slatmossa, Sweden.* Also from Fonni, Sardinia-t 

An orbicular granite was described from Quonochontogue 
Beach, Rhode Island, by J. F. Kemp. J 

This quite closely resembles an appearance, the second va- 
riety of spheroid from Dehesa. Another occurrence is de- 
scribed by Hatch, from^Mulaghderg, Ireland. § This resem- 
bles the orbicular dioryte of Corsica much more closely than 
does the gabbro of San Diego, the radial structure being very 
pronounced. Spheroids in the granites of Sweden were de- 
scribed by Brogger and Backstrom. || 

A nodular granite from Ontario, has been described by 
F. D. Adams, fl This differs from other orbicular granites 
in that there is no pronounced radial or concentric structure. 
The same is true of the "pudding" or "prune" granite of Ver- 
mont. ° 

Orbicular dioryte is represented best in the type locality, 
Corsica. It was described by Vogelsang.** Another example 
was reported from Rattlesnake Bar, Eldorado Co., Cal., by 
Vom Rath.*** A specimen from this locality may be seen in 
the California State Mining Bureau Museum in San Francis- 
co, Cal. 

Orbicular gabbros have been reoorted from Romsas, Nor- 
way by Chrustschoif,°°ind from Willow creek, Cal., by H. W. 
Turner, tt This is described as an "orbicular rock which con- 
tains olivine and iron ore with much rhombic pyroxenes and 

• Sitznngibcr. d. neiderrhein. Ges., Dec, 1874, p. 206. Al90 Kept. Smith- 
aonian Inst., 1900, pp. 50, pi. 6. 

t "Stir lea nodules de la Granltite de Ghcstonai prcs Fonni (Sardaique)" 
Bull, de la Soc. Min., FrAtice, tome X (1887), pp. 57-63. 

t Tnins. N. Y. Acad. Set., vol. xii, pp. 140-144, PI. XI, 1894, 

9 Quar.Jour. Geol. Soc, vol. xHv, p. 548. 

II Geol. Forem, Stockl. Forbandt., No. 110, Bd. ix. Haft. 6, p. 307. 

f Bull. Geol. Soc. America, vol. ix, 1898, p. 163. 

o Geol, of Vermont, vol. H, p. 664, 1861. 

•• Sitxungsber. d. neiderrheia. Gea., i 862, vol. xlx, p. 185. 

••♦ SitMun^ber. d. neiderrheia. Ges. xu Bonn, 1884, p. 206. 

°° Buber holocyrstalHne macrovarioHtischc Geateinc, von Dr. K. von 
Chkustschopp, St. Petersburg. 

ft 14tb Ann. Rept. U. S. Geol. Surr., p. 474. Also 17tb Ann. Rept, U. S 
Geol. Surv., p. 642, PI. XXX. 
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anorthite, but the average rock of the area is a normal gabbro 
composed of monoclinic pyroxene, brown hornblende and bas- 
ic plagifKlase. In some specimens there are large porphyritic 
hornblendes more than an inch long." Except for the mono- 
clinic pyroxenes, the nor^te of Willow Creek is very similar 
to that of Dehesa. A partial analysis of the former shows a 
close resemblance to an analysis of the latter. 

Dr. Chrustschoff, who has made a studv of manv forms 
of nodules in crvstalline rocks, has divided them into four 
classes : 

1. Concentric, spheroidal and concretionary growths about 
foreign inclusions. 

2. Xodular growths about fragments of secretions or in- 
clusions which latter are often partially or wholly redissolved. 

3. (Jroups of so-called pudding granites where the struc- 
ture is due to a simple concretionary action, set up in the mag- 
ma during its normal crystallization. 

4. Primary structural forms of the magma or endomor- 
phic contact products.* 

The explanation of Vogel?ang,t in his discussion of the 

diorvte of Corsica, is as follows : 

"When a molten ma^ma consolidates, an irregular (ungcleichmas- 
sig) cooling may produce greater contraction of the mass at certain 
point=»; and this may lead latt-r on to a spheroidal separation. If th;s 
condition is arrived at after th'j point of consolidation of the several 
minerals has been passed, and, therefore after their separr.tion is com- 
pldc, wi" p -t, indeed, a concentrically laminated body, but one without 
definite arrangement of the constituents ; this \s the well known spher- 
oidal structure of many eruptive rocks. If on the other hand, the 
tendency to form spheroids is developed during the period in which a 
diflfcrentiation of the magma into its ^'arious minerals can still take 
place, the latter will undergo a definite arrangement with regard to 
the central point." 

It would seem that we have the two cases represented in the 
forms of orbicular gabbro from San Diego. The fact, how- 
ever, that the boulders are not in place, makes it impossible 
to conjecture on the position of the diiTerent varieties with ref- 
erence to the cooling surface. It is evident that the conditions 
were not the same w^hen the different varieties were formed. 



• Menioirci« del. Academie ImpeHalc des Sciences de St. Pctersbourg, YII 
Series, tome xlii. No. 3. (Quoted from F. p. Adams' paper, the oriKinlal by Dr. 
CiiKUTsciiOPF is not accessible to the writers.) 

t Loc. cit. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

II. 

RcTiewB and Translations by William Hbkbbrt Hobbs, 

Madison, Wis. 

In an earlier article* has been summarized the first of a 
series of three papers by Baron von Richthofen, dealing with 
the geomorphology of eastern Asia.f It was shown by this 
' authority that the course of the mountain ranges which rise 
abruptly to form the western margin of the coast plains of 
eastern Asia, extend in a series of zigzags made up of merid- 
ional and equatorial components, and that these ranges form 
the boundary of the high plateau to the westward which is 
separated into crustal blocks whose approximate dimensions 
are given by the zigzags themselves. The general direction of 
the series of zigzags is that of a great circle whose course is 
about parallel to the general trend of the coast line, the broken 
cres<:ents foniied by the blending of the meridional with the 
equatorial comjKMients being always convex towards the ocean. 
The elements of the zigzags are found to correspond in posi- 
tion to normal faults of large throw, the orographic blocks 
which they outline being always downthrown on the eastern, 
convex, or ocean side. 

In the second of the series of papers?, von Richthofen shows 
that the scalloped eastern boundary of the Eurasian continent, 
while parallel to the mountain ranges near the coast is not an 
expression of their folding. Of the morphological relations 
he says : 

(a) The series of crescent-shaped marginal zones of crustal blocks 
convex to the southeastward which run through continental east Asia 
from the peninsula of Tschuktschen to the northwest of Tongking, and are 
characterized throughout the entire line by the sinking in of those por- 
tions of the earth's crust which lie to the eastward, are followed in 
the direction of the ocean by a second scries of homologously consti- 
tuted crescentic blocks which form the oceanic border of eastern Asia. 
The parts of the earth's crust which are broken down along them lie 
to the eastward in the bottoms of the seas. On the Stanowoi coast the 



* This joarnal, Aaj^ust, 1904. 

t Prrdinand Prrihbrr von Richthopbk. Uber Gestalt and Gliedertm^r 
einer Grandlinie in der Morpholoxic Ost-Asicns.SitzuDgerber.d.k.preuss.Akad. 
d. Wiss. z. Berlin, vol. xxxix, 1900, pp. 888-925. 

t Pbrdinand Prrihbrr von Richthofbn. GcomorpholoRitctae Studicn aua 
Mtaiien. II. Gestalt und Gleidertins der ostayiatischen'Ktistenbogrn. Sit- 
xnngBhtt. d. k. prenss, Akad. d. Wits, z, Berlin, vol. xxxvi, 1901, pp. 782-808. 
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two series of crescents fall together, for the sea extends inward to 
the faults of the interior series. The members of the second series 
forming the marginal limit of the continent, begin at Cape St. Alexan- 
der in 54" 15* N, and terminate at Cape St Jacques in 10** 40* N. The 
island crescents which project above the sea, belong in a series still furth- 
er to seaward in the complex of the east Asiatic depressions contin- 
ued beneath the sea and can here be given only an occasional mention. 

(b) If one takes into consideration the coast line represented upon 
maps as an enveloping contour line of the steep wall bounding the in- 
dividual blocks, there is indicated by it in the sharpest manner the gen- 
eral form as well as each individual division in it Furthermore the sculp- 
ture of the coast may be recognized in the coast line. Four great coast 
crescents appear distinctly. They have been desigrvated above as the 
Tungusian, the Korean, the Chinese, and the Annamitic. The third 
and fourth are completely closed; the first has a small gap to be ex- 
plained by local submergence; the third is only retained in one frag- 
ment. We have ventured to complete it hypothetically through inter- 
polation, according to the scheme indicated by the interior and the 
coastal crescents. 

(c) The lineal forrrf of each individual crescent of this coast series 
approaches more the form of a circle than is the case with the interior 
crustal blocks. In the case of each of the latter there could be recog- 
nized two extended arms of crescentic form joined to one another, 
which can be considered as the meridional and equatorial arms. From 
the Aldan range to Yunnan an approximate parallelism controls these 
two elements in so far as the meridional stretches follow the mean di- 
rection N. to N.E., and the equatorial are controlled by the Sinian 
direction W-S.W. to E.N.E. In the case of the coastal crescents the 
analogy because of the similar designation may be retained, but with 
the modification that rectilinear stretches of coast of more than 200 kil- 
ometers are rare, while the convex curvature in the direction of the sea 
obtains in all parts; also with the further modification that each indi- 
vidual coast crescent has a much greater individuality respecting its in- 
clination to the meridian, that is to say, the air line of its beginning and 
end portions. In form and in position in reference to the continent, the 
crescents are not equal. They may be separated into two gjonps. and 
from two points of view; for similarly constituted are the Tungusian 
and the Chinese crescents on the one hand, the Korean and the Anna- 
mitic on the other. The two former represent, if one glances at the 
general form of eastern Asia, together with the great double Stanowoi 
crescent, the fundamental marginal line of the continent ; while the two 
others together with Kamchatka surround projecting peninsulas from 
the main botfly. This relation is still doubtful and will here be left out 
of consideration, as Kamchatka also, and the S,E. front rancre of north 
Stanowoi will not be drawn into consideration, because of insufficient 
knowledge of their structure. 

(d) Tfie Yellow sea is the shallow inundation of a block enclosed 
within the two north coast, crescents, which is somewhat more de- 
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pressed than the other parts of the East Asian steps formerly designat- 
ed as coastal. 

(e) The general form of the interior land blocks lying to the north 
of the Tsinling mountains, which is conditioned through the general 
rise of the included land surface in the direction of a more highly 
elevated border, and the shorter descent, probably depending upon step 
faulting toward the seaward, is represented in the Tangusian and Kor- 
ean marginal blocks. The marginal bulging up is lacking to the Chi- 
nese crescent, but is present on the other hand in the meridional part 
of the Annamitic. 

The general arrangement of each individual coast crescent is inde- 
pendent of the internal structure as has already been set forth as true 
of the interior land blocks. But the proportion is a special one in the 
case of each crescent. 

MANNER AND AGE OF THE TECTONIC MOVEMENT. 

(a) As little as the crescents of the interior series do the exterior 
ones correspond morphologically and tectonically with the folding and 
overthrusting of the connected mountain scallops upon the convex side, 
though in their linear outlines they more resemble them than those of 
the former series. In the case of the Tungusian crescent it is not 
proven that very old, perhaps even Archean, folds do not stand in some 
relation wkfi its position ; but on the one hand parts of it cut too sharp- 
ly through the axes of folds in order to bring both into complete caus- 
al connection; on the other hand it is only one member of a series of 
externally homologous structures whose form must be referred to a 
similar action of forces. Since now in the case of the other three cres- 
cents a correspondence with the internal structure cannot be made out, 
we may measure with it the fact that in the case of the Tungusian 
crescent such a correspondence is in part present, as having a secondary 
significance only. 

(c) The continental mass of eastern Asia may be considered to 
have been depressed in great blocks. Two of these are distinctly indi- 
cated through widely extended crescentic lines in sections depending 
upon the formation of fractures. The one cause of the phenomenon is 
to be sought in the combination of two systems of tensional forces of 
which one was directed eastwards, the other southwards. 

If we seek for the cause for the development of the eastwardly di- 
rected tension it may be sufficiently given in the depression of the Pa- 
cific ocean basin on the border of the continental mass presumedly de- 
pending upon isostatic tendencies continuing through long periods. . . 
. . The Eastern Asiatic festoon of islands appear as the crest of the 
marginal region of the continental mass arched up through such upward 
working stresses. But since they bear the character of the inner side 
of fold mountains, the folded outer zone must be sought fir^^t in the 
descent toward the oceanic depth. The existence of other still deeper 
lying crescents projecting only in small island peaks and otherwise still 
hidden beneath the surface of the sea. as they stand forth upon bathe- 
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metric maps, allows the conclusion that the same tendency has been 
present operative in this part also of the earth's crust since the earli- 
est times. For the explanation of the equatorially directed tension and 
movement of great parts of the earth's crust in Asia from Kwenlun 
Tsinling on, the same ground does not appear; it may perhaps be ex* 
plained, if doubtfully, through changes in the velocity of rotation of 
the earth and the displacement of mass condition thereby." 

In connection with the above statements bv von Richthofen 
it is interesting to note that Woodworth in his interesting paper 
on the fracture system of joints* has called attention to the 
direction of the fracture lines indicated by the volcanoes off 
the coast of Asia, and has suggested that the arrangement in 
crescents may be explained through curved lateral crustal frac- 
tures in a svstem such as he has described in much detail, but 
in small specimens only. Woodworth's figure to illustrate this 
structure has been reproduced in Fig. i. To the present writ- 




FiG. 1. Fracture Systems of Asian volcanoes. 



cr it seems better to explain such lines of fracture through the 
intersection of a numlier of fault lines in zigzags meeting un- 
der the requisite angles. 

MANCIIUKIA. 

The structure and geolog\' of Manchuria have been dis- 
cussed in a recent paper by von Cholnoky describing a journey 
in that country during the years i896-'98.t According to v. 
Cholnoky Manchuria can be looked upon from the orographic 
standpoint as separated into two parts, one of which lies south- 
cast of the rivers Liau and Songari, the other to the north- 
west of the same line. 



• J. B. Woodworth. "On the Fracture Syatcni of Joints with Keniarks 
upon Certain Great Fractnres." Proc. Boa. Soc. Nat. Hist., vol. xzvii, pp. 
163-183. 

t BuGKN YON Cholnoky. Kurze Znsammenfassnng: der wissenachaftlicta- 
en Bri^ebnisse meiner Reise in China und in der Mandschurei in den Jahren 
1896-98. Verh. d. fteselUch. f. Brdkunde zu Berlin, vol. xxvi,1899, pp. 251-61. 
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Von Cholnoky shows that the Liau peninsula and bay, as 
well as the western shore of the Yellow sea, are bordered by 
great normal faults which not only follow the shores, but ex- 
tend far back into the interior. The line already referred to 
which borders the high plateau of southern Manchuria contin- 
ues southward to form the western shore of the Liau peninsula, 
and crossing the straits of Chili meets the western boundary 
of the Shantung in China. Where this line of faulting meets 
the similar lines to the west and east, in one case in the vicinity 
of Kirin, and in the other on the western border of Shantung, 
recent volcanic material is found. The eastern one of the ser- 
ies follows the course of the Yalu river. We may here trans- 
late to advantage the summary by von Cholnoky referring also 
to his map which is reproduced in Fig. 2. 




Pig 2. Sketch map of Manchuria and snrroanding reg^ion. 
Dotted and dashed line« represeitt faults, full lines show mountain ranges. 

"While I am about to present a somewhat clear picture of the struc- 
ture of the first mentioned district — making my obserx-ations supple- 
mentary to the studies of Richthofen upon the Liau peninsula — our 
knowledge of the latter, the northwest district, is still so fragmentary 
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that the contributions of the Russian investigator Ahnert are the only 
ones available. 

"The peninsula of Liau is according to the studies of Professor v. 
Richthofen covered by very ancient mountain chains Saving the di- 
rection W.S.W.-E.N.E. These mountain chains are for the most part 
formed from Korean granite and crystalline schists which are older 
than the Sinian schists. Upon and between these mountain back-bones 
the bedded rocks of the Sinian period have been quietly deposited and 
occur in sufficiently large masses to make it possible to study in detail 
the age of the beds and the principal mountain systems. 

The same can be said of those parts which I traversed. The rocks 
which I met upon my journey were for the most part massive rocks, 
the orographic and tectonic studies illuminating also the mountain re- 
gion at the N.R of the Liau peninsula. 

The road from Kirin toward Mukden follows along the northwest- 
ern foot of the phteau of the mountain chain of Kuleh. This so- 
called mountain chain is really nothing else than the elevated margin of 
the trap plateau. Here runs a mighty line of fracture having the di- 
rection S.W.-N.E. and limiting on the northwest the upland of south- 
ern Manchuria. Along this fracture are found numerous volcanoes of 
youthful age whose nearly uninterrupted continuity lends to the moun- 
tain chain its character; of a chain of mountains it is only proper to 
speak in-so-far as here and there crystalline schists .are also found and 
form individual patches. They lie at a steep inclination and their 
strike is S.W.-N.E. 

"Along the chains of the Thu-Schan as well as on the northwestern 
slope of the plateau district, basins ^re found which appear filled out 
with tertiary deposits. One such we meet in the vicinity of Kirin, where 
beneath a- thick sand and gravel layer lie coal-bearing blue clay slates. 
A compact brown coal is also found in the same region, which appears 
to l>e of ancient origin, whose locality have, however, not yet been 
visited." 

"(i) The mountain chains running in crescents from north Chi-li 
are terminated in Liau-si by a mighty fracture. This line of fracture 
appears to meet the second where the greatest number and the most 
beautiful volcanoes group themselves together in the vicinity of Kirin. 
On from there — it appears — the line continues to follow the valley? of 
the Songari and Amur, even to the northern angle of the island of 
Sachalin. 

(2) On the southeastern side of the Liau river is found a second 
great fault line; cutting through the region of Kirin and Mukden, it 
intersects tlie western border of Shantung. This fracture line was 
determined by Richthofen. 

(3) The third fault line runs along the eastern end of the Tschang- 
pai range bordering on the east the Liau peninsula and throwing 
itself forward on the steep side of the projecting peninsula of Shan 
(Schantung), and uniting with the fault running down from the west- 
ern side of the Liau peninsula. _ The point of its junction is character- 
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ized by strong vulcanism on the southwest point of the Liau peninsula, 
as it is also by the disturbed condition of the strata. This latter 
Richthofen's keen eye determined in a manner beyond all doubt. In 
the case assumed by me, all the mountain ranges in Shantung and in 
southern Manchuria which without doubt belong to the Sinian system, 
fall upon one side of this great fault. For this line of faulting in Man- 
churia it is characteristic that it — as mentioned — is associated with great 
basins. 

(4) The southern part of Manchuria is covered by mountains of the 
Sinian system which probably extend over from Shantung toward Kor- 
ea. 

(5) Between the two fault lines of Liau-tung is to be recognized in 
two places the E-W. mountain trend. One is the range of Shang-pai in 
the south, the other the Thu range and its parallel granite range in 
the north. Such an east- western mountain range the system of the 
smaller Khingan also appears to he. 

(6) Between the two f?ult lines of the Liau peninsula and the 
equatorial mountain chains rises the trap plateau of Manchuria. 

(7) Liau si is an abrasion plateau whose main skeleton is formed 
by mountain chains, which unite in the Tschang-pai. Originally, how- 
ever, they *f(^l 1:3 wed the S.W.-N.E. direction, and terminate on the fault 
of the Liau-si." 

KOREA. 

The peninsula of Korea, which Grififis has aptly termed the 
"land of the hermit nation'' has been given "a thorough studv 
by the well known Japanese savant Koto.* Under great diffi- 
culties he has crossed and rccrossed this little known country 
in a series of geological sections wSich in most districts are 
separated by intervals of a little more than fifteen miles. 

As a result of this investigation Koto finds that folding, 
while easily recognized, has been entirely subordinate to a sys- 
tem of faults in producing the positions and attitudes of rock 
masses, and in determining the present topographic relief. A 
sketch map showing the location of faults and of axes of folds 
has been reduced from Koto's larger geological map (Fig. 3). 

"The fundamtntal features of the tojiography of Korea, as in other 
lands, are the result of internal geologic structure. Indeed the peninsu- 
la was the battle-ground of earth-movements of two directions — the Sin- 
ian and the Liau-tung. In the south of the lava-drowned rift-valley of 
Chyuk-ka-r>'ong, the axes of crustfolds are. mainly N.N.E.-S.S.W., i.e. 
the Sinian. In the extreme north (in the Kai-ma plateau), the fold- 
mountains run from W.S.W. to E.N.E., in the Liau-tung direction. The 

* BrNDjiRO Koto, Ph. D. "An Orographic Sketch of Korea." Journttt of 
the CoUege of Science, Imperial University of Tokyo, Japan. Vol. atix, 1903, 
pp. 1-61., Plates I— IV. 



148 



Tile American Geologist. September. i904. 





diBtribntiaii of fanlU sod of axci of foldi. 
earth-movements had fuliled the cocc of gneiss- granite together with 
the overlying mantle of normal gneiss and mica-schist. The kernel 
of south Korea is the wcdge-sliaped massive of Chi-ri-san at the 
hoiiudary of Chyol-la Do and Kyong-syang Do. That of the north is 
also the wedge-shaped massive of Kai-ma Land. These Sinian and 
Liaii-tung massivcs, together with tlieir overlying niantles meet each 
other with their apicei, and struggle for the snpremacy in north-east- 
ern Ham-gyong Do, thus leaviiig between them ihe third wedge of low 
neutral land. 
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"Therefore, the peninsula is divisible orographically into three gigan- 
tic wedges. The south, embracing the whole of South Korea, is the 
old land of The Three Hans. North Korea is again divided into the 
ICai-ma plateau, and the intcrsertal wedge, — the land of old Chyo-syon 
or Paleo-Chyo-syon. 

I have still to mention a third element. This time the earth move- 
ment did not produce folds, but ruptured and dislodged the crust, tilt- 
ing up the edge. The main edge runs N.N.W. to S.S.E., at the margin 
of the sea of Japan, facing its high scarp to the deep shore. This tec- 
tonic disturbance, relatively of young ag«, produced prominent ridges 
which constitute the backbone and determine the present topography. 
The outline of the peninsula is due in a great measure to this geologi- 
cal event. The block-edges I call collectively the Korean range." (pp. 
12 & 13) 

"Putting aside the Kai-ma land as an exception, Korea is not a 
very high mountainous country, nevertheless we find mountains every- 
where. It IS topographically speaking a labyrinth, and one will find 
orientation very difficult in the country without the help of good maps. 
The general disposition of the land is like a checkerboard; this being 
due to the crossing of mountain-directions. / have already enumerated 
about 10 ridges of the Korean System, all running more or less north- 
south, terminating in headlands, peninsulas and islands in the Southern 
Archipelago." (pp. 26.) * 

"I have grouped together all these fault-scarps and ridges under 
the Han-san range, by which the peninsular block has been successively 
dislodged southward, thus limiting the south border of Korea. Small 
peninsulas, Head-lands, islands, islets and rocks are only the detached 
masses and fragments with skeletal ridges of the Thai-Paik-san and 
Han-san ranges. Hundreds of these fragments abound in the south 
Korean archipelago, (pp. 30.) 

"The earth-movements that disturbed and uplifted the Kai-raa land 
are mainly dislocations and not folds ; consequently the disturbance 
should be classed in the same category as that which created the Korean 
and Han-san systems. / can without dOHculty distinguish three ridges 
zvhich run parallel to one another in the Liau-iung direction and con- 
stitute the skeleton of this northern plateau. The two southernmost of 
these have the steep side towards the south, but it is remarkable that 
they become successively higher at the tilted edge, where the block is 
suddenly cut off to a lower level on the south. The tilted edge of this 
narrow but gigantic block is, as I have already stated, the land-mark of 
the two halves of north Korea. The third parallel ridge, however, falls 
away steeply to the northwest; in consequence of which a comparative- 
ly low basin is formed in the drainage-area of the Am-nok and the 
Tuman rivers, which is limited on the north by the long Chyang-paik- 
san." (p. 22) 

"When speaking of the surface-configuration of south Korea, I have 
said that it is like a checker-board, and the same feature is not wanting 
in the Kai-ma Land — (p. 40)- 
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**The peninsula is divisible on good grounds into two sections — north 
and south Korea — by a trench, in the geological sense, from the head 
of Gen-san harbour to Kang-hoa bay, at one corner of which is located 
Che-mul-pho, the emporium and entrance to the capital, Seoul. This 
trench or rift-valley is lava-drowned and is the only extensive volcanic 
field in south Korea, except the large basaltic island of Chyorjyu 
(Quelpart) off the southern coast of Chyol-la Do. This rift- valley 
or Grahen of Chyuk-ka-rong (510 m.) affords the easiest passage 
obliquely across the peninsula from the sea of Japan to the Yellow sea» 
and marks the boundary of various geographic elements:" (p. 52). 

"It is a rift valley or Graben obliquely crossing the geological strike. 
From the top of Nam-san in Seoul, wc see on the east a regular cliff 
with its escarpment toward us. It runs from the mouth of the Ke.'m 
Gang to the head of Won-san harbour, and the well-fortified castle of 
Koang-jyu, 12 kilometers from the capital, stands on its edge. I call 
this the Koang'jyu ridge. The other ridge starts from the Ma-sing- 
nyong. the highest pass of 1020 meters (the second pass A-ho-by-nyong 
being 760 meters , between Won-san and Phyong-yang, and lowers at 
the mouth of he Imjin Gang. The Ma-sing- nyong ridge turns its fault- 
scarp to tfie cast, making the counterpart of the Koang-jyu ridge, thus 
forming the trench-fault. Great basalt flows occurred at the end of the 
Tertiary," filling up the bottom and now forming the sterile plain of 
Thy(")uuon or iron plain, so named from some resemblance of the lava 
to magnetite. The Chyuk-ka-ryong road goes gradually up this lava- 
field, frequently crossing the canyon-like river-channel, and s'lddenly 
descends to Won-san at the above-named pass, which is the edge of the 
basalt-mesa and the boundary of two provinces.*' (pp. 9-10.) 

"North Korea, as I .have already stated, is divisible into two re- 
gions, viz., the plateau of Kai-ma on the north, and the hilly land of 
Paleo-Chyo-syon on the south. The boundary between the two is 
sharply marked. The north is a high plateau with a fault-scarp, facing 
southwards towards the depressed land, just as the Greit Khingan 
(Hsing-an) turns to the east with its precipice towards Manchurin. 
The incurves of Korea bay on the west and that of Chyo-syon bay 
(Broughton bay") on the opposite side give some idea of the boundary 
as expressed in coastlines, and wc can trace it in the interior as well.'' 
(pp. .11.) 

"Five components of the Thai-Paik-san are the cliffs of tilted blocks 
sweeping along the coast of the sea of Japan, from which the right 
wing was successively thrown down to the sea bottom, as if it originates 
in disjunctive faults as an after-effect of the piling and prcs^^ing up of 
Hondo (Japan) toward the Pacific ocean." (pp. 56-57.) 

"The llan-san range resulted from a later geologic event than thnt 
which produced the Korean system. ' The former is composed of 1 
number of tiUed edges of faults which threw down block after block 
to the Southern «5ea. The sea-coast is dotted with an innumerable num- 
ber of islets and rocks, and describes complicated in-and-out-curves. 
These peculiar features which characterize the coast, are nothing mere 
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than the outcome of the joint- work of the orog«nic movements that . 
gave form to the Korean and the Han-san ranges. The inlets are the 
remains of tectonic valleys, while the headlands represent the ridges. 
Especially remarkable is the narrow canal of the free port, Masan-pho, 
whiclv presents the outline of a compound cross with a single axis, 
due to the Korean and Han-san ridges which intersect each other on 
both sides of the entrance." (pp. 57 and 58.) 

''A great number of small ridges or fault-scarps traverse like a 
gridiron the whole of Paleo-Chyo-syon. The region is somewhat sim- 
ilar in its geological structure to the western half of Shan-tung. Well- 
established rules can be scarcely discovered in the arrangement of ridges. 
The whole tract is broken up into a number of long orographic blocks, 
each being of old sedimentaries, mainly of grey tabular limestone. Each 
block is tilted along the long side with steep walls, while it slants 
gradually towards the opposite direction. Some of the equatorial ridges 
may be brought into connection with the tectonic line of Shantung, e.g., 
Myor-ak-san of Hoang-hai Do, while others of the same group are dif- 
ficult to correlate with any known system. Meridional ridges, though 
coinciding in direction with some of the Korean system, do not har- 
monize with each other in position, nor in magnitude of disturbance; 
the general plan of the west coast, however, seems to have been great- 
ly influenced by them. 

In short, the intersecting fault-scarps of Paleo-Chyo-syon inserted 
between the Sinian and Liau-tung systems seem to be the result of a 
passive movement and after-effect of the still greater tectonic disturb- 
ances which gave to the crust-block of the Korean peninsula its present 
form.'* (pp. 58 and 59.) 



OUTER GLACIAL DRIFT IN THE DAKOTAS, 
MONTANA, IDAHO, AND WASHINGTON. 

By Warrrn Upham, St. Paul, Minn. 

The outermost boundary of the glacial drift across the entire 
northern part of the United States, from the Atlantic to the 
Pacific, was first fully mapped in a somewhat detailed man- 
ner by Chamberlin in 1888; though during the preceding twen- 
ty years the eastern half of this boundary had become known, 
with increasing accuracy and definiteness, from the work of 
many observers, mapping it between the New England islands 
and the Mississippi river. Comparing Ne\vbcrry*s map of 
the margin of the drift area,* as it was imperfectly known 

• Map showing Drift Area and Bearings of Glacial Furrows, Report of the 
Geological Survey of Ohio, vol. ii, 1874, at page' 76 of the chapter on Surface 
Geology (pp. 1-80.) 
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thirty years ago, drawn from the Delaware river at Trenton, 
N. J., to the lower part of the Kansas or Kaw river, with the 
maps of it published by Chamberlin in 1883 and 1888,*. the 
former reaching westward to the east edge of Montana^ but 
largely revised and corrected for all the country northwest 
of the Kaw river by his next map five years later, we are 
greatly impressed with the rapid progress of our American 
explorations of the limits of glaciation, which were traced ex- 
actly or approximately through the distance of more than 3,000 
miles across the continent between thirty and fifteen years ago. 

A principal incentive to that work was the recognition of 
the terminal moraines of our continental ice-sheet, in the years 
1877 to 1880, by Cook and Smock in New Jersey; by the 
present writer on Long Island, Block island, Martha's Vine- 
yard, Xantucket, and Cape Cod; by Lewis and Wriffht in 
Pennsylvania and Ohio; by Chamberlin in Wisconsin; and 
by N. H. Winchell and the writer in Minnesota, Iowa, and 
South and North Dakota. Within three years after the first 
mapping of the marginal moraines in New Jersey, they had 
been mapped more or less exactly for 2.00b miles from south- 
eastern Massachusetts to where their course passes out of the 
United States, from North Dakota into Manitoba and Assin- 
iboia. 

About a quarter of a century has since passed, and very 
detailed surveys of the glacial drift and its extreme margin, 
and of the many paralleland interlocking or overlapping mo- 
raines which limit the areas of the ice-sheet at successive 
stages of its recession, interrupted hei;p and there by re-ad- 
vances, have been made by numerous observers in southern 
New England and Long Island ; by Salisbury in New Jersey ; 
Wright and Leverett in Ohio, Indiana, and Illinois; Cham- 
berlin and Salisbury in Wisconsin ; Calvin and Winchell and 
their associates on the geological surveys of Iowa and Minne- 
sota ; and Todd and the present writer in tlie Dakotas. 

Farther westward little thorough work has been yet done, 
though important reconnaissances, and detailed studies in 



• Five maps in Preliminary Paper on the Terminal Moraine of the Second 
Olarial Epoch (pp. 291-402). Third Annual Report of the U. S, Geol Survey, 
for 1881 rpub?«83. Map of the Glacial Stria- of the eastern United States 
Jnndof the Earlier and Later Drift across all the northern states). »n The 
Rock Scoringrof the Great Ice Inyasions ivp. 14.7-24H), Seventh Annual Re- 
port, U. S. G. S , for 1H85-86, pub. 1888. 
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some legalities, have been made, by Chamberlin and Salisbury 
in central Montana ; by Culver on the front range of the Rocky 
mountains in the north edge of that state; by Weed in the 
vicinity of Fort Benton; and by Chamberlin, Willis, Russell, 
and others, in Idaho and Washington. 

There yet remains^, however, to be applied to sJl that west- 
em half or two-fifths of our continental drift border, from 
western North Dakota and the lower Yellowstone river to 
Puget sound and the Olympian mountains in Washington, 
the painstaking differentiation of the successive stages of the 
Glacial period, and precise mapping of any marginal moraines 
that may be found, such as have been very carefully and in- 
structively worked out in the northern central states of the 
Mississippi basin, from Ohio to Iowa and Minnesota, noting 
there a dozen or more moraine-forming stages in the departure 
of the ice-sheet. 

• Broadly viewed, the most noteworthy feature of the western 
half of the continental drift sheet is its less extent southward 
th^n that of its eastern half, from Kansas to the Atlantic 
coast. The rather arid climate of the Great Plains from the 
lower Missouri river to the Rocky mountains, and likewise 
of the wide Cordilleran belt until we come to the narrow tract 
between the Cascade range and the Pacific, had the effect 
to limit the glaciation in Montana and westward to latitudes 
averaging about eight degrees, or 550 miles, north of the 
average limit from Kansas eastward. 

In the central part of the' continent, for the distance of 
about 1,600 miles, from southwestern Ohio to the upper Mis- 
souri river and its tributaries, Maria's, Teton, and Sun rivers, 
in northern Montana, reaching nearly to the base of the Rocky 
mountains on the international boundary, the border of the 
glacial drift belongs to earlier stages of the Ice age than either 
east or west. Through that central region, the outermost 
drift, "referred to the Albertan, Kansan Illinoian, and lowan 
stages of the long Glacial period, has generally an attenuated 
edge, destitute of morainic knolls, hills, and ridges, such as 
extend in narrow belts along the boundaries of the late Wis- 
consin drift, and which also, in a numerous series of these mo- 
rainic belts, traverse the areas of that later drift, marking 
pauses or slight re-advances during the general retreat of 
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the ice-sheet when it was being finally melted away. East from 
the Scioto river in Ohio, and westward from the upper Mis- 
souri across the great Cordilleran region, the later drift and 
its moraines reach generally quite to the margin of glaciation, 
covering the older drift of the previous stages. 

One of .these stages, named the lowan, has been shown 
by McGee in northeastern Iowa, and elsewhere by Leverett 
and many other observers, to have been characterized by ex- 
tensive deposition of loess, a fine silt washed down from the 
(iissolving and waning icefields, and deposited by the flooded 
streams in front of the lowan drift boundaries, with much 
redistribution at the same time and later upon large tracts 
by winds. The loess evidently belongs to a time of general 
depression of the land beneath the long continued weight of 
the ice-sheet; and this change, from a former high elevation 
to mostly lower altitudes than now, appears to have brought 
again the warm temperate climate under which the continental 
ice-sheet from then onward was somewhat rapidly melted 
away, meanwhile forming many marginal moraines at lines of 
slackening, halt, or temporary readvance, in its general re- 
treat. 

On the plains bordering the upper Missouri river in the 
neighborhood of Fort Benton, and thence northward, loess, or 
a loesslike fine silt, is described by Weed as spread very exten- 
sively, varying from a few feet to a hundred feet in thickness, 
mantling the nearly flat country, and forming the upper part 
of the drift there.* Much further exploration is desirable for 
all the upper Missouri region, to discriminate and map the re- 
spective areas of the Albertan, Kansan, and lowan drift, and to 
trace the limits of the Wisconsin drift, lying farther north, 
with its moraines, in Assiniboia and Alberta, to the Rocky 
mountains. 

The oldest glacial drift sheet yet recognized, the Albertan, 
was so named by Dr. George ]M. Dawson from its occurrence 
on the upper edge of the plains of Alberta, along the east base 
of the mountains, and westward among the Rocky mountain 
ranges, whence its materials are wholly derived.! The Al- 
bertan till and associated Saskatchewan gravels have therefore 

• Fort Benton Folio, No. 55. Geologtc Atlas of the United States, 1899. 

^ Journal of Geology, vol. iii, pp. 507-»'>ll, Julj'-Auifust, 1895; Bulletin, 
Geo! Soc. of America, vol. vii, pp. 31-66. Nov., 1S95. 
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strictly no extension in Montana east of the mountains and 
their immediate vicinity; yet probably correlative and contem- 
ponaneous till exists beneath the later Kansan, Illinoian, 
lowan and Wisconsin drift in the Mississippi basin, where 
these divisions of the glacial series have been so fully studied 
and classified in their stratigraphic and chronologic relations 
by Chamberlin, Calvin, Leverett, and others. Eastern gla- 
ciation and drift, which overspread that region, failed to ex- 
tend into confluence with the Cordilleran glaciation south of 
the forty-niAtb parallel; but north of that line the icefields 
flowing from the east and west were confluent, with inter- 
mingling of their drift deposits on a tract of considerable width 
extending from south to north not far east of the mountains. 
In western Montana, and onward to the Pacific coast, the 
earliest and lowest glacial drift must be correlative with the 
Albertan of Dr. Dawson, which he regarded as earlier than 
the Kansan drift sheet, the lowest and oldest recognized pre- 
viously in the United States. 

Including the chief moraine belts, of Wisconsin age, trace- 
able north of the international boundary, it is probable that 
the northwestern part of the Great Plains, on the upper Mis- 
souri river and northward in the Dominion of Canada, lias as 
good a representation of the entire sequence of our glacial de- 
posits, from the oncoming to the final wane of the prolonged 
and varied Ice age, as can be found p.nywhere, not excepting 
Kansas, Iowa, and Illinois, in which states the series has been 
most elaborately studied and named. 

A general survey of our marginal drift formations, from 
the area of the glacial lake Agassiz west to the Rocky moun- 
tains and the Pacific, noting the relationships of the diverse 
courses of the glacial currents and the relative ages of their 
drift, convinces me that the view of Tyrrell,* indicating suc- 
cessive culminations of ice accumulation, first in the Cordill- 
eran region, next on the country between the Rocky mountains 
and Hudson bay, with extension south into Kansas, and last 
on the Laurentide region, stretching an ice-sheet from Labra- 
dor to the Red river valley, is erroneous. Instead of successive 
Cordilleran, Keewatin, and Laurentide or Labradonan ice- 



•/ourna/ or Geo/oy^K. vol. iv, pp. 811-815. Oct.-Nov . 1896; vol. ▼, pp. 78 
81. Jan. -Feb., 1897; vol. vi. pp. 147-160, Feb. -March, 1)898. 
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sheets, there seems to me to have been contemporaneous and 
long continued glaciation of the entire width of the continent ; 
but during the original growth of the vast sheet of snow and 
ice covering half of North America, and again during its de- 
cline and disappearance, it doubtless outflowed predominantly 
from those three central areas.* 

As the glacial drift generally extends somewhat beyond 
the Missouri river, to a maximum distance of about fifty miles, 
through the Dakotas and Montana (excepting a large part of 
South Dakota, to be again noticed), up to Great Falls, whence 
the drift boundary passes across this river and runs north- 
westward to the St. Mary's river and the Canadian* line at 
the base of the mountains, it is evident that during the cul- 
mination of the Glacial period, in its Kansan stage, all the 
rivers of these states, and also of Nebraska, were turned aside 
to the west and south, being caused to vend their waters south- 
eastward along the border of the ice-sheet. In the Fort Benton 
folio of the Geologic Atlas of the United States, an ancient 
channel, called the Shonkin sag, eroded by the waters thus 
pouring along the ice border, has been traced by Weed about 
fifty miles, passing across the low watersheds. He describes 
it as "a continuous depression that is clearly an old river chan- 
nel, with wide valley floor and steep walls and precipitous 
cliffs." It wil be a most interesting task for amateur geolo- 
ogists of this region to trace these old watercourses, inter- 
rupted here and there by beds of lakes that adjoined the ice 
front, from the vicinity of Great Falls for i,ioo miles east 
and south, across the Musselshell, Yellowstone, Little Mis- 
souri, Cheyenne, White, Niobrara, Platte, and Kaw rivers, to 
the Osage valley in Missouri, which doubtless for some time 
carried all the drainage of the Missouri basin, when the pres- 
ent pathway of the Missouri river was thus buried under the 
edge of the continental glacier. But my last preceding paper 
(pages 80-87 o^ ^^^s volume) has somewhat fully considered 
the relation of this majestic river to the glaciation, leaving now 
a river system probably very unlike its preglacial condition, so 
that further comment on its changes and development during 
the Ice age will not be expected here. 

* See Maps of the Glaciation of North America, by Chambbrlin in Geilcie'b 
Great Ice Age, third ed., 1894. pi. xiv, at page 724; by the present writer, U. S. 
Geol. Surrey, Mon, XXV, The Glacial Lake Airassiz. 1895. pl«. ii and xvi: bv 
Lkvbrktt, U.S. Geol. Survey. Mon. XXXVIII. The IlJinois Glacial Lobe, 1899, 
pi. i; and by Russell, North America, 1904, pi. v, at page 315. 
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Professor G. E. Culver, exploring the front range of the 
Rockies in northern Montana, found that ice was accumulated 
so thickly west of the main eastern range, within thirty miles 
southward from the forty-ninth parallel, that it outflowed 
eastward through the passes, carrying dioryte boulders from 
ledges west of the watershed to a distance of several miles on 
the plains at the eastern base of the mountains. No Laurentide 
or eastern drift was observed therfe, but in the valley at the 
head of St. Mary's river, a tributary of the Belly river, flow- 
ing northeastward into Alberta, on latitude 113** 30", five to 
twenty miles south of the international boundary, he noted 
shore lines of a glacial lake, which was probably formed by 
the neighboring barrier of the Laurentide ice-sheet on the 
northeast. These old shore lines occur up to the hight of at 
least 800 feet above the present St. Mar>''s lakes, or approx- 
imately 5,400 feet above the sea.* 

The Altamont. Gary, Antelope, Kiester, Elysian, Waconia, 
and later moraines, which have been traced in concentrically 
lobate courses through South and North Dakota,t were quite 
surely formed at exactly or approximately the same time with 
the terminal moraines, outermost and recessional, which cross 
Ohio, southwestern New York, Pennsylvania, New Jersey, 
Long Island, and southern New England. Throughout that 
eastern part of their extent, the outer moraine is at or near 
the extreme boundary of the glacial drift. In all the interior 
region, however, from Ohio to the Rocky mountains, the out- 
ermost of this series of moraines lies far back from the drift 
boundary, excepting on the east side of the Wisconsin drift- 
less area, and again along a considerable distance, ^bout 200 
miles, in South Dakota, where <the Altamont moraine comes 
nearly or quite to the Missouri river, while the older glacial 
drift beyond this moraine is scanty or altogether wanting west 
of the river. 

It also appears very certain, acconling to the judgment of 
expert glacialists, that the latest great development of glaciers 
and piedmont ice-sheets in the western Cordilleran region 
of the United States, spreading generally farther than in the 

• Trana., Wisconsin Academy of Scieace, Arta and Letters, vol. vlii« pp. 
187-205, with map; Dec. 30, 1891. 

t J. B Todd. Proc. A. A. A. S.. toI. xxxiit. 1884. pp. 381-393; V. S. Geol. 
Survey, Bulletin No. 144, 1896. 69 pBgen. Wakmen Upham , U. S. Geol. Sur- 
vey, Man. XXV, 1895, chapter iv, pp 108-191. 
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earlier stages of the Ice age, was practically contemporaneous 
with the remarkable Wisconsin stage of glaciation. Although 
in the central part of the continent the prominent moraines of 
that stage are far back from the drift border, belonging thus 
to icefields much restricted from their former area, it is* seen 
that on each side, eastward and westward, the snow and ice 
were then more abundantly accumulated than ever before, over- 
riding the older drift deposits and encroaching on ground not 
previously glaciated. When the local causes of the compar- 
atively late maximum growth of the eastern and western parts 
of the vast continental ice-sheet shall be satisfactorily deter- 
mined, consistent with the restriction at the same stage in the 
interior country, it will be a long stride of progress toward 
fully solving a difficult and most interesting problem, the gen- 
eral causes of the Ice age. 

Because of the great extent, both in length and width, of 
the groups of high Cordilleran ranges, they presented very 
favorable gathering grounds for glaciers during the Ice age. 
In remarkable contrast with the eastern half of our country, 
where the Appalachian mountain belt appears to have had no 
local glaciers, nor even any notable effect in deflecting the 
boundary of the ice-sheet from its direct course through New 
Jersey and Pennsylvania, the glaciation in the Rocky moun- 
tain region and onward to the Pacific was greatly influenced 
by the mountain masses. 

In- northwestern Montana, heavy glaciation on a width of 
50 to 60 miles, extended along the frontal ranges, and on 
the upper part of the basin of the Flatliead river and lake, 
to a distance of more than a hundred miles south of the main 
border of the continental icefields. Again, on the high area 
of the Yellowstone National Park and its environs, confluent 
glaciers formed an ice-sheet measuring about 75 by 150 miles; 
and several tracts of mountain glaciers, from one third to 
two-thirds as large, are mapped farther south, in Wyoming. 
Utah, and Colorado. On the great mountain rang.'s and 
groups of southwestern Colorado, and on the grand Sierra 
Nevada of eastern California, abundant ice accumulation and 
effective glaciation reached to the 37th degree of latitude, 
about 50 miles farther south than the utmost i^rojection of 
the Laurentidc part of the ice-sheet, in southern Illinois. 
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Only in northwestern Washington, on the basin of Pugct 
sound, occupying a width of 75 to 150 miles between the 
Cascade range on the east and the Olympic mountains and 
the ranges of Vancouver Island on the west, was a projection 
from the continental icefields of British Columbia able to 
flow into the United States, while of course the far greater 
part of the ice even there was formed by snowfall on the ad- 
joining mountains. 

So marked dependence of the Cordilleran ice accumulation 
upon the grand topographic features is a complete proof, as 
I think, that the icefields of the Puget Sound basin and of the 
Canadian province on the north were produced chiefly by local 
snowfall, not by invasion or inflow from the central part of 
the Cordilleran glaciated area. Similarly, as, I also think, 
the southern marginal parts of the Keewatin and Laurentide 
icefields grew in depth and areal extent chiefly by snowfall on 
those outer tracts, within the first 20 or 50 or 100 miles back 
fronj the extreme ice boundary, in nearly as large degree as 
the central and thicker parts of the ice-sheet. Yet some gla- 
cial outflow took place from the central areas throughout the 
maximum stage of glaciation ; and there was much peripheral 
outflow during all the stages of growth, culmination, and de- 
cline. With the slow ice motion, the very long duration of 
the Glacial period can be well appreciated when we bear in 
mind the glacial transportation of boulders a thousand miles 
from the east side of James bay to southern Minnesota, and 
the equally long distance of the outermost glacial drift in 
southern Russia from the Scandinavian mountains that sup- 
plied some of its boulders. 

Why the ice-sheets shrank earlier from the flat country of 
the Mississippi and Missouri basins, and of Russia, than from 
the more hilly or mountainous regions in both North America 
and Europe, and why morainic drift hills and ridges were 
formed on each continent principally during the late and clos- 
ing Wisconsin stages o^ the Glacial period, are questions that 
may be probably answered, for the first, by the flat contour and 
far inland situation of these countries first permanently un- 
covered from the ice-fields; and, for the second, by the long 
continuance of glaciation^ whereby the ice became more charg- 
ed with drift in its lower part, and by the more vigorous glacial 
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currents near the margin after the epeirogenic depression in the 
lowan stage of glaciation restored a warm temperate climate 
upon the ice border.- 

In the next paper of this series I wish to present my detail- 
ed observations of the drift around the southern part of Puget 
sound, where the proportion of modified drift, stratified gravel, 
sand, and fine silt, far exceeds the till deposits. 



BOLSON PLAINS AND THE CONDITIONS OF 

THEIR EXISTENCE/ 

By Charles R. Kbybs, Socorro, New Mexico. 

Bolson plains are the most characteristic features of the 
Mexican tableland. They are peculiar to the arid regions. 
They could not exist in the same country in which they now 
do, . under conditions of copious rainfall. While they are 
among the most novel of physical features and while much 
has been made of them as forming a distinct type of geo- 
graphic relief they hardly deserve, from the viewpoint of gen- 
etic geography and geology, the attention that has been given 
them. 

Bolsons, as their name signifies (Spanish, a purse), are 
broad, level valleys, depressed slightly in the center, and bor- 
dered by mountains. The writer who introduced the name 
into American geography thus describes them. 

"These plains, or 'basins,' as they are sometimes called, 
are largely structural in origin. Bolsons are generally floored 
with loose, unconsolidated sediments derived from the higher 
peripheral region. Along the margins of these plains are 
talus hills and fans of bowlders, and other wash-deposits 
brought down by mountain freshets. The sediments of some 
of the bolsons may be of lacustral origin. 

'*It is essential, in both the geographic and the geologic 
discussion, to bear in mind the distinction between bolson 
plains and plateau plains. The plateau plains and the moun- 
tains are genetically related, the strata composing the one be- 
ing bent onto or flexing out into the other. The bolson plains, 



♦ Read before the Iowa Academy ot Sciences, Iowa City Meeting, April 15, 
1904. 
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on the other hand, are newer and later topographic features, 
consisting of structural valleys between mountains or plateau 
plains, which have been partially filled with debris derived 
from the adjacent eminences. The jplateau plains are usually 
destructional stratum plains. The bolson plains are construc- 
tional detritus plains filling old structural troughs/'* 

It has been recently shownf that the structure of the bolson 
plain is not nearly so simple as the description just quoted 
would indicate; that they are not, according to the strict phys- 
iographic usage of the term, structural valleys; that the bol- 
son plains are not necessarily any newer and later than some 
of the plateau plains which overlook them ; that the construc- 
tional detrital covering is no more important than that of the 
plateau plain ; and that the wash-deposits brought down from 
the peripheral area are relatively of small importance. 

On the other hand, it has been clearly demonstrated that 
the rockbed surface of the bolson plain, that part beneath the 
thin detrital covering, is a planation surface, a surface worn 
out on the bevelled edges of the consolidated and indurated 
sedimentaries. 

The bolson plains of New Mexico, for example, are found 
only in that part of the region which belongs to the geo- 
graphic subdivision known as the basin region. This includes 
the southern two-thirds of New Mexico, or the portiAi lying 
South of the Rocky mountains, which abruptly terminate loo 
miles south of the Colorado line. Southward, from this lati- 
tude, the bolson plains occur — long, level strips of plains coun- 
try^ separated from one another by high, but narrow mountain 
ranges. Far beyond the New Mexican boundaries the same 
type of physiography prevails nearly so far as the city of 
Mexico. 

The peculiar alternation of narrow mountain ranges and 
broad plains presents many features which are not easily un- 
derstood until the country both to the eastward and to the 
westward is taken into account. In both directions from the 
central highland the "perse" character of the basin plains is 
soon lost. 

The different plains become confluent and 'more contin- 
uous, and the mountain ranges more disco nnected and finally 

• Hill: Top. Atlas V. S., folio 3. p. 8. 1900. 
1 Amer.Jour. Sci.. (4), vol. xvt, p. 207, 1903. 
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isolated altogether. Still beyond, the plain alone persists with- 
out notable mountains. This condition continues on the one 
hand to the gulf of California and on the other to the gulf of 
Mexico. 

At the beginning of Tertiary time the region between the 
two great gulfs north to the present Colorado line must have 
been a vast lowland plain, with but faint relief features. A 
large part of this plain was on the bevelled edges of Creta- 
ceous and older strata as is shown now in its remnants clearlv 
discernible. The Las Vegas plateau, the Llano Estacado, the 
bolson plains of central New Mexico and some of the less 
broken plains of eastern Arizona seem to belong genetically 
together. To the east and west of the vast area thus outlined 
a broad submarine platform was formed from the sediments 
derived from the planing off of the central land area. When 
the general bowing up of the region took place later in Ter- 
tiary time the great plain formed was partly a peneplain of 
destructional land origin and partly a constructional plain of 
marine origin. 

After the period of the main uprising, after the whole sur- 
face of the country had attained somewhat more than its pres- 
ent elevation above the sea-level, normal faulting on a vast 
scale gave rise to numerous monocHnal block mountains, with 
a trend* of north and south. There were numerous halts in 
the general movement and the Mesozoic and youngest Pale- 
ozoic beds here are completely stripped off the mountain sum- 
mits. Several times the staying process has enabled partial 
pcneplanation to take place. But the mountain blocks have be- 
come more and more tilted. 

Between Tertiary time and the present, enormous erosion 
has taken place. The vast plain has been deeply dissected by 
such old mountain-born streams as the Canadian, Pecos, Rio 
Grande, and Colorado. The valleys of these water-courses are 
very wide and deep. On the east the Canadian flows 4000 
feet below the level of the old plain. The Pecos perhaps 2500 
feet. The Rio Grande about 1500 feet. While the Colorado 
canyon is a mile deep. 

In the Llano Estacado the reiunant of the great plain con- 
tains 50,000 square miles. The bolson plains are already be- 
ginning to give way to erosion agencie^^. In the valley of th*.' 
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Rio Grande nearly all traces of the old plain are already de- 
stroyed. The displaced intermontane basins, like the Jornada 
dd Muerto, which adjoin the long Rio Grande valley, are be- 
ginning to be deeply dissected wherever the great river 
touches the borders. 

In its broader features the surface of New Mexico may 
be regarded as a ribbed tableland. Broad north and south 
valleys alternate with long narrow more or less continuous 
mountain ridges. The most important of the long basin plains 
and valleys are the Pecos, Hue^o, Estancia, Jornada, Rio 
Grande, San Augustine, and Mimbres. 

Over such a surface from the southern end of the Rockies 
three great streams diverge. These are the Canadian river, 
the Rio Pecos, and the Rio Grande. The first of these after 
leaving the mountains flows eastward to the Arkansas in In- 
dian Territory and thence its waters find their way to th<- 
Mississippi. Rio Pecos trends southeastwardly, entering Tex- 
as near the southeast corner of New Mexico. From the San 
Luis valley in Colorado the Rio Grande flows slightly west 
of south to El Paso. Of these the last two streams mentioned 
flow in broad valleys between lines of block mountains. 
. Comparison of the physiographic features of basin valleys 
which the great mountain-born streams traverse with those 
which are not so occupied, quickly demonstrates that the bol- 
son owes its existence merely to lack of erosion agencies. The 
Rio Grande no doubt at first passed through a series of bol- 
sons identical with those at present found on either side of its 
present valley. It has cut down its channel often 2000 feet be- 
low the surface of the ancient bolsons. Within the valley 
nearly all traces of the bolson characters are now lost. Xo 
waters are received by the great stream after it emerges from* 
the Rockies. The work of this river has been confined to cut- 
ting- its canyon. Little additional work of side streams has 
been imposed upon it. A still grander example of its kind is 
•found in the Colorado river of the West. Its great valley, so 
far below the level of the tableland, exists merely because the 
drainage-rway has its source in a region of abundant moisture. 

Between the Rio Pecos and Rio Grande valleys at the south 
end of the Rockies there is a small mountain stream, the Rio 
Galisteo, which crosses the Estancia bolson, and which soon 
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falls into the Rio Grande. This little stream has carved out a 
remarkable valley. It is an illustration of how wonderfully 
effective is even a small, often dry, rivulet in corrading the 
high plains. 

The bolson plains may be considered as sections of an 
upraised peneplain surface in its earliest infancy, at a stage 
in which they are as yet untouched by stream-action. They 
could not exist under present hypsometric conditions except in 
an arid region, which snow-fed perennial rivers do not tra- 
verse. The bolsons are only apparently lake-like basins. They 
have a marked slope in at least one direction, that of their major 
axis, as in the case of the Jorn'ada del Muerto, where the 
slant is 20 feet to the mile and greater than the gradient of the 
parallel Rio Grande. Had the latter stream entered at Santa 
Fe the Estancia-Huerco or Estancia-Jornanda line of bolsons 
instead of the line to the westward, a vast canyon would have 
occupied these basins. 

The bolson plains of central New Mexico hang high above 
the great channels of the Rio Pecos and Rio Grande on either 
side. Were the rainfall of the region sufficient to produce 
perennial streams these plains would be soon as deeply carved 
out as the great adjoining valleys of the rivers just men- 
tioned. 

New Mexico School of Mines, July i, 1904. 



THE ALKALI DEPOSITS OF WYOMING. 

By Thos. T. Rrad, Laramie, Wyoming. 

Scattered over the south central part of Wyoming are nu- 
merous undrained depressions containing large amounts of 
salts of sodium and magnesium, chiefly sulphates, which are 
locally known as soda lakes. Of these there are eight groups 
composed of from one to several lakf^s varying from a few 
to several hundred acres in extent. In addition there are 
smaller lakes scattered in such profusion that no estimate of 
their number has ever been made. 

Two questions chiefly concern us, their origin and their 
uses. As to the latter, their great future value for the pro- 
duction of carbonate of soda and caustic soda is evident. Many 
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of the lakes yield pure mirabilite, which upon simple exposure 
to the air loses its water and becomes anhydrous sodium sul- 
phate. However, the distance of the region from the consum- 
ers of sodium sulphate and the consequent high freight tariff 
has so far prevented their exploitation. 

The question as to their origin cannot be so easily disposed 
of. Of the various theories which have been propounded two 
alone seem to deserve consideration. Of these the first is that 
they are the result of the evaporation of the waters of uprising 
springs which are charped with the alkaline salts. The second 
is that they have resulted from the leaching of the surround- 
ing Mesozoic rocks. Let us first consider the latter. 

Assuming for the moment that these rocks are capable of 
supplying the amount of salts which we find in the depressions, 
let us investigate the conditions under which such deposits 
might be thus produced. In order to have a concrete case let 
us take the Union Pacific soda lakes which are situated about 
13 miles southwest of Laramie in Albany county. We have 
here four lakes with a total area of about sixty acres. The de- 
posit of soda was reported to be fifteen feet thick in the deep- 
est part of the depression and was assuredly not less than ten 
feet thick. Allowing for the thinning out at the edges it is safe 
to assume an average thickness over the entire area of two and 
a half feet. Upon this basis of computation we find that there 
are 300,000 tons of the deposit. From the analysis of an av- 
erage sample of this deposit published by Pemberton and 
Tucker in the Chcniical Ncn'S, vol. 68, p. 19, we find that it con- 
sists of 34.85,^ of sodium sulphate, 1.16^ of sodium chloride, 
1.45^ of calcium sulphate and 0.97;^ of magnesium sulphate, or 
a total of 38.43^' of alkaline salts; and on this basis we have 
115,290 tons of these salts in the deposit. 

The surrounding strata are Ft. Benton, and it is reasonable 
to assume that the percolating waters from whose evaporation 
the deposits are supposed to have resulted would have approx- 
imately the composition of the water obtained from driven 
wells sunk in these strata. We find that on the average such 
water contains a total of 50 grains per gallon of the above 
salts. The records of the Wyoming Agricultural Experim.ent 
Station show that the average yearly evaporation from a free 
water surface is 40 inches. Therefore from an area of 60 acres 
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we would have 64,686,600 gallons exaporated yearly, leaving 
a solid residue of 231 tons. At this rate it would require 500 
years to create these deposits, assuming that evaporation takeb 
place continuously and that none of the salts are removed. As 
a matter of fact the lakes are entirely dry during a good portion 
of the summer, when the evaporation is the greatest, and the 
milabilite then effervesces to a pulveulent mass which the pre- 
vailing west wind carries away in clouds. Probably not less 
than 2000 years would be required for the formation of these 
dq)osits under the conditions we have assumed. No records 
have been kept as to whether there have been any apparent 
changes in the extent of any of these deposits, and in the case 
of the one we have been considering the escape of seepage 
water from an irrigation canal which now passes just above the 
lake has caused the re-solution of all the salts, so that it now is 
a lake of brine and bids fair to remain so. However, I believe 
all observers of these deposits will agree with the statement 
that there seems to be no reason to believe that any of these 
deposits are accumulating at a rate much faster than that 
worked out above. Therefore we arrive at the conclusion that 
the vaporation of dilute solutions is sufficient to have caused 
these deposits and the assumption of uprising waters highly 
charged with these salts is not only unnecessary, but does not 
meet the conditions. Taking the deposits in general, the er- 
rors in the assumption in regard to the amount of water sup- 
plied and the strength of the solution would tend to counter- 
balance each other. 

The next point 'to be considered is the method of the con- 
centration. This may come from the seeping of the waters 
through the strata, finally emerging in the basin where they 
evaporate. Or the subsurface waters, evaporating over the 
entire drainage area, of vvhich the basin is the lowest part, de- 
posit their load of salts on the surface. At the time of the 
spring rains the surface waters dissolve these salts and carry 
them into the basin to be later deposited by evaporation. Both 
methods find the salts in the strata in which the deposits occur. 
In the former, however, only the salts lying above the "lake" 
level could be brought in and in a comparatively short period 
the supply would be exhausted and no further deposition take 
place. In the latter, however, the salts might be brought up 
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from unknown depths below by osmotic action and the volume 
of strata from which the supply may be derived might thus be 
immensely increased. That the latter is the more probable 
source would seem to be indicated by the fact that shallow 
wells sunk near some of the deposits have yielded water that 
is fairly palatable, and also the results of the work of the Ex- 
periment Station upon hydrography in the area go to show that 
seepage from precipitated moisture is very small in amount. 
We now see how the amount of water supplied and the strength 
of solution are counterbalancing, for the amount of salts 
brought to the surface yearly is constant and all would be car- 
ried into the basin, irrespective of whether the precipitation 
was great or small. 

In the latter case the computation should rather be based 
on the area of the drainage basin, the average yearly evapor- 
ation from the soil, and the strength of the subsurface solu- 
tions. So many unknown quantities are here involved that 
such a computation is impossible with our present knowledge, 
so that we shall have to allow the original computation to 
stand, with due allowance for its errors of assumption. 

In rjegard to the theory of the origin of these deposits from 
springs, certain conditions are obvious. The water must carry 
only small amounts of salts, or else much larger deposits must 
have been formed. Springs highly charged with salts, even 
though they did not break out into undrained depressions 
which might serve as evaporating basins, would necessarily 
have produced small deposits. We have no instances of de- 
posits except in these depressions, and it is of course absurd 
to assume that such springs would break out in such depres- 
sions alone. We have no record of any spring in the state 
which carries more than 150 grains to the gallon of the salts 
we have been considering. 

In the second place, the flow of such springs must be small, 
or else we would not have the drying up of the deposits in 
the summer months, which is so characteristic of the 'greater 
number of them. There are numerous cases where alkaline 
lakes do not dry up during the summer months, but in no case 
is the alkalinity of the waters of these sufficient to justify the 
assumption of contnuous evaporation of an alkaline supply. 
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Where do the alkaline salts come from? The spring the- 
ory has no answer to that question, beyond that they come 
from beneath. 

From a careful consideration of the evidence it would 
seem that both theories are right, and find their application 
in different instances. The southern edge of the valley of 
Rock creek, which that stream has cut in the crest of an anti- 
cline, is a ridge of hard Dakota beds. Near the crest of this 
ridge is an undrained depression containing one of these de- 
posits. We clearly can have no application of the first theory 
here, for with the exception of a low rim, the surface slopes 
away from the depression. On the other hand, we have nu- 
merous springs breaking out on all sides, all of them of water 
which is good enough to drink. These springs join into a 
small stream which flows into Rock creek. This seems clear- 
ly to be a case of a spring whose yearly flow is not equal to 
the yearly evaporation from its lake basin. In the case of 
the Union Pacific lakes we find a larger and deeper undrained 
depression, containing no deposit, a few miles to the north and 
another to the west. The absence of such deposits from these 
depressions is inexplicable by the theory of the leaching of the 
surrounding strata, since at least one of these depressions 
occurs in exactly the same strata. Therefore uprising waters 
from be neath must again be the probable source. 

On the other hand, it seems almost certain that the leach- 
ing of salts from the surrounding strata must have at least 
aided in the formation of the alkaline deposits. The presence 
of efflorescent crusts of alkali throughout the arid region 
shows that such salts are brought to the surface and surface 
drainage would naturally concentrate the alkali in the evapor- 
ating basin. Hence we arrive at the conclusion that both 
causes have operated, their relative importance differing in 

specific cases. 

As to the origin of the salts themselves there is almost no 
evidence to offer and without good evidence it is useless to 
construct a hypothesis. 

The position taken by Dr. W. C. Knight in Bull. 49 of 
W\voming Experiment Station, "Alkali Lakes and Deposits," 
seems to be clearly untenable. He assumes that the salts 
have been carried down mechanically by the sediments as they 



NOTES ON THE PLEISTOCENE FAUNA OF 
SANKATY HEAD, NANTUCKET, MASS. 

By JoBKPH A. CusHMAM, Boston. Mass. 

The geological events of this interesting locality have been 
a matter of considerable discussion since they were first defi- 
nitely treated by Desor and Cabot in 1847. ^^^ section ex- 
posed has changed somewhat in the ensuing time and only a 
portion of the original section is now exposed. The details 
of this are given by Merrill and are reproduced here. 

I. Fine dark drifted sand 3 ft- 

2» Yellow sandy drift 5 

3. Coarse gray stratified sand, etc 40 

4. Fine white clayey sand, etc 10 

5. Fragment Bed. [4] 1 

6. Upper shell Bed [3] ^ *^; 

7. Clayey ferruginous layer 4 

8. Serpula sand [2] ^ 3 

9. Lower shell Bed [i ] 9 

10. Re9 sand with clay ^ 

11. White sand 4 

Concealed ^4 

Total 90 ft. 
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were deposited, but in such case it is difficult to see why 

sodium chloride is entirely absent in nearly every instance. 

The most definite statement that it would seem safe to oflFer 

is that they must have been produced during rock decomposi- 1 

tion by chemical reactions, the exact cause of which is not ! 

known. See the work of Hilgard on alkali in soils. ' 

SUMMARY. I 

1 

1. Deposits of sodium and magnesium sulphates of great 
extent exist in south central Wyoming. 

2. These deposits offer a valuable source of sodium and 
its salts. 

3. The salts appear to have been in part brought to the 
surface by uprising waters and in part derived from the leach- 
ing of the surrounding strata. 

4. The origin of the salts has not yet been satisfactorily 
explained. 

April, 1904, Department of Geology, University of Wyom^ 
ing. 
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Pleistocene Fauna of Sankaty Head, Nantucket, Mass. 



List of Species. 



Porifera, 

Cliona sulphurea Desor 

Echinodermata, 



Stron 



ngyloce 
Mull 



ntrotus drobachiensis 



Annelida, 

Serpula dianthus Verrill 

Bryzoa, 

Hippothoa variabilis Leidy 

Membranipora tenuis Desor 

" catenularia Smitt 

Eschara verrucosa Esper 

Celleporaria incrassata Smitt (?) 

Mollusc a ( Pelecypoda ) . 

Area pexata Say 

" ponderosa Say 

" transversa Say 

Ostrea virginica Gmel 

Anomia aculeata Gmel 

" simplex d'Orb 

Mytilus edulis Linn 

Modiolus hamatus Verrill 

•• modiolus Linn 

Crenella glandula Totten 

Thracia truncata Mighels and Adams 
Pandora (Clidiophora) gouldiana Dall 

Astarte castanea Say 

" quadrans Gould 

" undata Gould 

Gouldia mactracea Linsley 

Venericardia (Cyclocardia) borealis 

Conrad 

Venericardia (Cyclocardia) novang- 

liae Morse 

Venus mercenaria Linn 

Var. Antiqua V^errill..... 

Gemma gemma Totten 

Petricola pholadiformis Linn 

Tellina (Angulus) tenera Say 

Macoma balthica Linn 

Cumingia tellinoides Conrad 

Ensis directus Conrad 

Spisula solidissima Dillw 

Mesodesma arctata Conrad 

" deaurata Turton 

Mya arenaria Linn 

" truncata " 

Corbula contracta Say 

Saxicava artica Linn 

" norvegica 

Panopaea sp.? 



I. 
Lower Bed 



Abundant 



2. 

Serpula 
Bed 



Upper Bed 



4. Frag- 
ment 
Bed 



Abundant 

Common 
Common 
Common 



Abun- 
dant 

Common 



One speci'n 
Abundant 
Abundant 



X 

Few 
Common 



Few 



One speci*n 



Abundant 

Abundant 

Few 

Rare 

Several 



Common 
Abundant 



Abundant 



One valve 
Few 



X 

X 



X 

X 



Spines only 



On shells 
Several 



Few 

Few 

Common 



Common 



Many 

Sever'l, large 

Few* 

One valve 

Abundant 



One valve 



Common 

Few 
Few 



A few valves 



Few 
Common 
Abundant 

X* 

Few 
Several 



Common 
One valve 
Fragments* 



Range 



S 
S 

s 

N 
N 
N 

S 
S 
S 
S 
N 
S 
N 
S 
N 
N 
N 
N 
N 
N 
N 
S 

N 

N 
S 



N. S. 

S 
S.N. 

N 

S 
S.N. 
N.S. 

N 

N.(N.) 

N.S. 

N 

S 

N 
N.(N.) 

S 



* Exact bed not given, referred provisionally to this bed by Prof. Verrill or by the writer. 
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List of Species. 



Mollusca (Gastropoda^ 
Solariella obscura Couth 



Odostomia impressa Say. 
trinda Gould.. 



(f 



TurbonHla interrupta Totten. 

Scala grcenlandica Perry 

Crepidula convexa Say 

" fornicata Lamk 

" plana Say 

Crucibulum striatum Say...... 



Lrosalpinx cinerea Say 

Eupleura caudata Say 

Astyris lunata Say 

Lunata heros Say 

van triseriata Say 

Neverita duplicata Say 

Cingula aculeus Gould 

Skenea planorbis F. & H 

Diodora noachina Gray 

Caecum pulchellum Stimp 

Cerithiopsis greenii C. B. Adams. 

Buccinum undatum Linn 

Nassa trivittata Say 

" (Ilyanassa) obsoieta Say.... 

Chrysodomus curta Jeffreys 

Trophon scalariformis Gould 

Crustacea, 

Balanus crenatus Brug 

" eburneus Gould 

" pprcatus 

Eupagurus pollicaris Say 

Panopeus sp 



I. 
Lower Bed 



Common 

Common 

Several 



Not common 
Abundant 
Common 



Common 
One speci'n 
One speci'n 



2. 

Serpula 
Bed 



X 

X 



X 

X 



Four spec'ns 



Few 
Few 



Common 
Common 

X 

One speci'n* 

X 



Upper Bed 



(B. S. N. H.) 



Few 

Few 

I speci'n (v) 

(also Merrill) 

One speci'n 



Common 

X 

One speci'n 



Two spec'ns 



Common 
Common 

Few 
Several 



4. Frag- 
ment 
Bed 



Frag- 
ments 



X 
X 



There are, according to his observations, four main fossil- 
iferous beds, marked 1-4 on the section as here given. This 
division in place of the older idea of two beds gives additional 
characters from which certain conclusions mav be drav^n as 
to the fauna. 

It is the aim of the writer to present the data in regard to 
the fauna of these four beds in a simple manner. Several new 
species have been added since the publication of professor 
Verriirs paper in 1875. These additions for the most part 
substantiate the conclusions drawn by professor Verrill in 
regard to the faunas of the different beds, that is, the ori ginal 

• Bxact bed not giveu, referred provisionally to this bed either by Prof. 
Verrill or by the writer. 



Range 
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N 

S 
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N.(^.) 
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conditions under which they were formed before transporta- 
tion. 

From the pockqt-like character of the shell deposits as well 
as other characters of the material in which they are at pres- 
ent found, the idea that they have been transported or at least 
secondarily worked over by water, must, it seems, be accepted. 

The whole fauna as here given consists of 71 species and 
2 varieties, ten of these species having been added since pro- 
fessor Verriirs list. Of these Panopaea sp. and Mesodesma 
deaurata (M. jauresi) were added by Hollick; Caecum pul- 
chellum, Astarte quadrans, Cingula (Rissoa) aculeus, Solari- 
ella (Margarita) obscura, Skenea planorbis, Trophon (Fus- 
us) scalariformis, and Area pexata were added by Merrill, and 
an excellent si>ecimen of Area ponderosa was found among the 
early collection of Mr. Scudder by the writer. 

In the last column of the table is given the range of the 
species either to the north or south. In some cases it is about 
m the middle point of its range and both letters are given, the 
one indicating the greater range being given first. In one or 
two cases the species is not now found living at this point and 
this fact is indicated in the column by repeating the letter indi- 
cating the range in parenthesis, as N. (N.) meaning that the 
species does not at present range south to this point in shallow 
water. 

Relations of the Fauna of Bed. No. i. 

At the present time there are forty species and varieties 
which have been identified from this lower bed. The one 
crustacean Eupagurus pollicaris is hypothetically referred to 
this bed by professor Verrill. The only specimen was found 
by Desor. Of the forty forms thirty-two have a decidedly 
southern range ; one other, the var. antiqua described by Ver- 
rill, is limited to this locality as far as known. Of the remain- 
ing seven forms with a northern range, two have a decided 
southern range as well, of the remaining five, three species are 
found rarely in this lower bed and much more commonly in the 
bed above, the other two remaining species being decidedly 
northern, one of them only now found at this point in deep 
water. Therefore Syy2^ of the forms found in this bed would 
be found more commonly to the south of this point today. 
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while all but one species of the others would be found, al- 
though near the southern limit of their range. 

Relations of Fauna of Bed No, 2. 

In this bed the earlier writers mention simply Serpula and 
its encrusting bryozoan. Merrill found in his work on it six- 
teen additional species, giving this bed a distinct fauna of its 
own. The forms found indicate a change in conditions and 
especially^ a transition toward the faunal conditions of bed 3. 
Of these sixteen species, thirteen represent those that were 
present — in most cases abundant — in the first bed and which 
either disappeared entirely or were limited to few specimens 
in the upper bed. They represent the remnants of fauna No. 
I left before the completed change of conditions sent them 
out entirely. 

Of the other three, one, a northern species, has been found 
only in this bed, the other two represent northern species which 
make their first appearance here, but are found again in one 
of the upper beds. Thus the transition character is easily made 
out, having the last appearance of many of the southern species 
of the lower bed and the first appearance of northern species 
of the upper beds. 

Relations of the Fauna of Bed No. j. 

From this bed forty forms are now known including four 
species placed here hypothetically. Of these twenty-six did 
not appear in the first bed. Of this last number twenty-four 
have a decidedly northern range. Of the other two, one is 
referred hypothetically, simply fragments being found, while 
the other is represented by a single specimen. Those species 
which were found in the lower bed arc represented by very 
few specimens in almost all cases. The fauna of this bed then 
represents the completion of the changed conditions and a 
much more northern fauna due to much cooler water while the 
earlier, more southern species have either entirely disappeared 
or are represented by few individuals. 

Relatians of the Fauna of Bed No. 4. 

This bed according to Merrill contains eleven species. Their 
relations are decidedlv northern. Four of these have not been 
met with in the other beds. Of these, three have decidedly 
northern ranges, the fourth being almost limited to this gen- 
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eral locality. Of the other seven, six represent species of 
northern range not found in the first bed. The other one 
represents a species found in all the beds. This bed consisting 
as it does mainly of fragments shows probably far less of its 
original faunal members than the other beds. From those 
which it does contain it probably represents a condition not 
unlike the present except that the southern species were not 
again established at that point. 

Whether the idea of transportation of the material is ques- 
tioned or not there remains the fact that there are represented 
by the contained fossils, four distinct stages. All four stages 
probably represent a period during freedom from the ice sheet 
'somewhere between the earliest and latest advances. 

Two species, x^rca pexata and Ostrea virginica, were found 
by Merrill in a bed intermediate between Beds 2 and 3. Tht 
list as here given includes all the species and varieties reported 
from these beds, the names used, being as far as possible, ac- 
cording to latest usage. 



LAKE OTERO, AN ANCIENT SALT LAKE BASIN 
IN SOUTH-EASTERN NEW MEXICO. 

By C. Lr. Hkrrick, Socorro, New Mexico. 

PLATE XI. 

To a mind endowed with some imaginative powers one 
of the attractive features of geological study is the continu- 
ous series of panoramic portrayals of earth-building which it 
spreads before one — pictures which present the grand out- 
lines of continents and seas during the course of profound 
changes requiring ages for their completion. It is a very 
apathetic mind that is not stirred by the sheer immensity of 
many of the geological movements which are plainly evident 
in the configuration of mountain and plain, especially in the 
arid region where there has been little glossing over of the 
rude narrative. 

This sense of the immensity of geological manifestations 
is felt in any mountainous region in the Southwest equally 
from two points of view. The evidence of profound faulting 
and dislocation is so clear and convincing as almost to over- 
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shadow the still greater, if more gradual, work of erosion 
which has planed away the broken or arching strata, leaving 
the clear outlines of faulting more plainly in view than in 
any other region whatever. 

Any peak of the San Andres or Sacramento mountains in 
south-eastern New Mexico may become a veritable Pisgah to 
the trained observer, though it is history and not prophesy 
that will occupy him. The writer has briefly described the 
valley of the "white sands"* but in the present paper we 
are able to trace historical features not hitherto published. 

To one standing upon the foot-hills of the White or 
Sacramento mountains on the morning of a clear day and 
looking west there is presented a view which cannot be dupli- 
cated elsewhere. At his feet is a nearly level plain crossed 
from north to south by the El Paso and North Eastern Rail- 
way and dotted with a number of villages prominent among 
which is the new city of Alamogordo, each settlement being 
picked out by the bright green of the unfailing cottonwoods. 

The vivid green of the grease- woo J (Laria) fades as the 
plain is followed west. Numerous canons from the foot hills 
extend as arroyos all converging toward the central portion of 
the plain where they abruptly disappear. Still beyond, cov* 
ering an area of over 300 square miles, is a great white ex- 
panse of gypsum sands whose parallel dunes seem like frozen 
waves. It is impossible to escape the impression that one is 
looking out upon a great arm of the sea breaking in foam- 
like billows upon a low shore. Beyond, grey in the distance,' 
are the outlines of the San Andres, whose irregular crests are 
capped with Carboniferous limestone dipping west. 

A recent opportunity afforded by a survey of this area 
has permitted the writer to study this plain in considerable 
detail and not only to secure evidence of the truth of the 
theory of origin of the *Svhite sands" advanced in the pre- 
vious paper but also to work out the general outlines of the 
history of the entire basin. 

The origin of the great valley between the San Andres 
and Sacramento mountains is to be ittributed, as previously 
suggested, to a great anticline similar to that of the Rio 
Grande vallev. This axis is nearly no-th and south but is not 

• Bull. Uaiv. Sew Mex., vol. ii, Fasc. 3. 
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continuous in the same straight line to the north, for the 
Oscuro mountains, which are almost the direct northward 
continuation of the San Andres, form the other limb of the 
anticline, dipping east instead of west, there being a region of 
sharp flexture about a short axis or pivot near the north end 
of the San Andres, giving rise to the Little Burros mountains. 



T««. 



^'^ 



~^?^m 






1,0* I*^ ' y M / ^V V 




vX*. ♦^^ f ' 



I r 



-^1 ^ I ^'}. '•'"• i»«»"» 



.^'-".'::i' 



,. » ' • 



-N « < 




r<«« 



North end of San Andrea Range. 

The conditions represented in this little sketch are of suffi- 
cient interest to permit a remark. It would appear to the 
casual observer that the Oscuro and San Andres mountains, 
separated by the Mocking Bird pass, ^orm part of the same 
system, but even hurried geological examination reveals the 
fact that the dip is in opposite senses and that the region of 
the pass is a part of neither the Oscuro nor the San Andres 
'system but forms a distinct element. When compared with 
the Oscuros it is faulted so that the base of the Carboniferous, 
or at least the granite contact which is some 1500 ft. above 
the plain in the south end of the Oscuros, drops in the Little 
Burros to, and in some places below, Ihe general level. What 
is more surprising is the fact that a part of the north end of 
the San Andres is involved in this Little Burro mass. The 
fault represented north of Capitol peak has not been studied 
closely and may not extend through the range as represented. 
At anv rate, the Carboniferous hills of the Little Burro block 
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abut against the granite of the north end of the San Andres. 
The entire northern ridge of that range is bare of stratified 
rocks. To the south of the fault indicated the dip of the 
strata is uniformly to the west. The lava flow, part of which 
is represented, extends for about fifty miles uninterruptedly 
in the vallev east of the Oscuro mountains and ends abruptly 
on the plain formed by the basin of lake Otero, the upper 
part of which was covered by it. 

In the main, and south of the Little Burro block, the 
anticline is relatively simple and not unlike that illustrated as 
typical of "basin range" structure in T^usseirs article on lake 
Lahontan (1. c. fig. 44) with which region the present locality 
is naturally compared. The dip on both sides, in the San 
Andres and Sacramentos respectively, is moderate and subject 
to much local variation. 

It may be presumed that the orographic flexture creating 
this axis dates from a period earlier than that of the sedi- 
mentaries deposited on the granite which is everywhere their 
base, for it seems to be true that the lowest sedimentaries on 
the east (Sacramento) side of the valley are of earlier age 
than those exposed in the San Andres, or, in other words, 
the formation was not homogeneous nor was it uniformly de- 
posited across the incipient uplift. This uplift probably ex- 
posed the granite during the' Carboniferous- Permian interval, 
if such there was, though the greater part of the granitic 
material characteristic of the lower Permian may have come 
from special (focal) uplifts like that forming the foundation 
for Sierra Blanca north of the Sacramento range. 

If we were to assume that the entire Permo-Carbonifer- 
ous was uninterruptedly laid down before the arch began to 
be sprung this would mean that a tremendous elevation was 
at one time reached and a still more enormous erosion would 
be required, for, granting a thickness of say 3000 feet to the 
sedimentaries, even a very flat arch would have the effect of 
carrying the summit to a great hight m the forty miles or so 
intervening between the buttresses left as the ranges men- 
tioned. But it is certam that the flextnre was accompanied by 
faulting on a large scale. The small ridge forming Cerrito 
Tularosa east of the "sands," and others farther south but 
along the same axis, are of dark earthy limestone with fossils 
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supposed to be of Permian age and evidently represent the 
tops of faulted blocks indicating a drop of perhaps 4000 to 
5000 feet Similar conditions are not known to exist on the 
west side of the valley but the tops of faulted blocks may be 
buried beneath the sediments 




It is clear that the axis of uplift became a drainage axis 
quite early. To the cast the sedimentaries carried to the top 
valley, where, as I am informed by Dr. W. G. Tight, who has 
studied the Tegion, they form the water-bearing horizons of 
that celebrated artesian area. The same may prove to be true 
of the plains to the west of the San Andres known as the 
Jourado del Muerto (Journey of Death). Although the 
fracture axis of our valley may have bi'en early, the latest up- 
lift of the Sierra Blaiica was certainly later than the Cretace- 
ous for Mr. H, N, Herrick has colhcted Fox Hills fossils 
from well up on the western slope and a curious broken area 
of Cretaceous intersected by dikes of recent basalt occupies 
a position at the base near Three Ri'.-ers and this block is 
faulted down to the level of the- Permian which borders it. 

It may be supposed that the great faults which reduced 
the valley to something like its present level occurr.-d during 
late Cretaceous or Tertiary time, thou,^h even greater disloca- 
tions may have followed the period of tlie Red Beds, i. e. at 
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the time of the great early basic (mostly andesitic) flows and 
the succeeding acid eruptive period. 

There is much to lend plausibility to the theory that a river 
of considerable magnitude occupied the valley and flowed 
south to enter what is now a part of the Rio Grande valley. 
At any rate, a change was introduced by the basaltic overflows 
which produced a great sheet of "mal pais" occupying the 
valley east of the Oscuros and possibly serving to cut oflf the 
superficial waters from . the north. It may be that other 
causes had operated to occlude the original outlet to the south 
for it seems that a long period of lacustrine quiet had preceded 
this lava flow. Perhaps the condition of periodic rain-fall 
or arid status had assisted in silting up the outlet. 

There is room for much detailed «;tudy in connection with 
all of these questions. At any rate, it may be regarded as 
certain that the great basin north of the Jarilla mountains and 
extending northward to east of the Oscuros was for a very 
long period covered by a salt lake in which gypsum, salt, and 
saline alkalis were deposited with intermittent regularity. 
Thus were formed the great saline beds which we venture to 
call the Otero tnurls. This formation has been penetrated by 
wells to a depth of some 200 feet in many places and every- 
where reveals a succession of gypsum and saline beds inter- 
calated in gypsiferous marls. It is impossible to guess at the 
thickness of this formation. It may very possibly prove to 
be of Tertiary age, at least in part, as it seems to pass undis- 
turbed under the lava beds at the north end of the valley. Thfe 
upper surface, where exposed, is a plane and the superposed 
sandy marls (Tularosa Formation) are distinctly difleren- 
tiated. 




Section across old Lake Otero. 



The upper or Tularosa Beds are rarely over twenty-five 
feet thick and in many places contain fresh-water lacustrine 
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shells. It would appear, therefore, that the line between the 
upper and lower beds marks a period of transition to a time 
when more water and more sediments entered the lake from 
the sides. The lake was divided during this period, probably 
near its close, into two parts which may have been connected, 
as now, by a narrow strait. The division is apparent to-day 
as a bank rising some twenty-five to forty feet above the beds 
of the residual lakes and is nearly parallel and adjacent to 
the north boundary of Dona Ana county where it crosses 
the valley. 

The sandy marl of this period is usually quite fine and 
may be gypsiferous. It has apparently been derived from 
the Cretaceous sandstone and shale and the soft gypsiferous 
shales and sandstones of the Permian. This points to the 
probability that the change from the lower to the upper forma- 
tion may have been due to the lava flow which penetrated the 
border of the lake and doubtless laid these formations open 
to fresh erosion. If these intrusions were of the same age as 
the flow covering the northern part of the valley the latter 
may at the same time have served to rut off connection with 
saline districts to the north. 

In the absence of more minute investigation it is useless 
to speculate as to the entire course of the original river valley 
but it is obvious that even the present drainage area tributary 
to the great salt basin is sufficient to supply an enormous 
amount of water which must either find an underground out- 
let or return to the atmosphere through evaporation. The 
amouBt lost in the latter way is reduced by the fact that the 
waters tend to bury themselves under the upper or Tularosa 
formation. A comparatively small part of even the local 
flood waters remains upon those playas which represent the 
last remnants of the original* lake Otero. The streams 
flowing from the lateral canons soon lose themselves under 
the sandy strata occupying the middle of the basin. Water 
may be found by penetrating the Otero beds at any point 
and frequently near the top of that formation. All such 
waters are strongly impregnated with common salt and alka- 
line salts and with gypsum but different strata in the same 
well may afford water very dissimilar in point of salinity. 
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Lake Otero, N. Mex.— Herrick. i8i 

In describing this basin one is forcibly reminded of Mr. 
I. C. Russell's account of lake Lahontan ; in Powell's Third An- 
nual Report; indeed, much of his description of the Great 
Basin applies, on a reduced scale, it is true, to the region in 
question. "No streams that rise within it carry their con- 
tribution to the ocean, but all the rain that falls inside the rim 
of the basin is returned again to the atmospliere, either by 
direct evaporation from the soil, or, after finding its way into 
some of the lakes that occupy the depressions of the irregular 
surface. The climate is dry and arid in the extreme." It has 
been a matter of frequent observation that during the early 
part of the rainy season clouds from which rain is falling in 
torrents will pass over such dry reaches of sand intensely 
heated by the sun and, on reaching their borders, the rain 
will fail to reach the earth and soon perhaps the cloud will 
cease to precipitate but may resume its occupation on reach- 
ing the farther (cooler) side of the plain. 

The mountains bordering* the lake basin conform to the 
"great basin type." "They are long narrow ridges usually 
bearing north and south, usually steep upon one side, where 
broken edges of the composing beds are exposed, but sloping 
on the other with a gentle angle conformable to the dip of the 
strata. They have been formed by the orographic tilting of 
blocks that are separated by profound faults, and they do not 
exhibit the synclinal structure commonly observed in moun- 
tains but are monoclinal instead." 

To this description it may be remarked that the structure 
in question is by no means limited to the Great Basin, for 
•throughout a great part of New Mexico this is the type of 
mountain formed where Carboniferous and earlier strata are 
involved in the uplift. It is a mistake to suppose that this is 
essentially a monoclinic type. Anticlines exist on a grand 
scale but these arches grow coincidentally with vast erosion 
and faulting and were often greatly altered by later intrusion 
phenomena which, as I have repeatedly pointed out, com- 
monly chose one of the lateral axes of the anticline for the 
play of their disturbing forces. 

Much as it has been altered by late disturbances and 
enormous erosion and sedimentation, it is impossible to fail 
to recognize the anticline of the middle Rio Grande valley, for 
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instance, yet it is not common to find both sides clearly pre- 
served at any one cross-section. The eastern limb is seen in 
the Sandias and Manzanos, the western, farther south, in 
the Ladronnes, Limitars and Socorro ranges, while still 
further south the river turns west but remains in the anti- 
clinal valley, the eastern border of which is formed by the 
San Cristobal and Caballos ranges. The eastern limb is nearly 
covered east of Socorro.* 

We do not conceive of this great fold (nor that east 
of it, forming the basin under consideration) as narrow plica- 
tions But rather as great undulations with irregularities which 
may in places almost obscure the general north and south 
trend. The foundation for these orographic changes was laid 
after the upheaval that closed the granite- forming period, that 
is prior to the deposition of the Carboniferous (farther south, 
Devonian) limestones that repose upon the granite. The 
upper surface of the granite is planed to such an extent that 
the contact at a distance appears a right line. These sedi- 
ments, in so far as they are not calcareous and so derived di- 
rectly from the ocean, seem to have come from the surviving 
peaks or land masses of granite not covered by the Carbonif- 
erous sea and there is every reason to believe that during the 
Carboniferous-Permian interval (if interval there was) an up- 
lift presented more of the granite material to the tooth of the 
waves. The unconformities thus indicat'^d seem to have been on 
a large scale and are so broad in their contours as to defy detec- 
tion in a small field of observation though when once worked 
out they may be strikingly obvious. Reverting to our de- 
scription, we again quote Mr. Russell : "The valleys or plaint 
separatmg the mountain ranges . . . are often absolute des- 
erts, totally destitute of water, treeless for many days' jour- 
ney, the grayish green Artemisia or "sage brush" giving 
character to the landscape. Many of them have playas in 
their lowest depressions — simple mud nlains left by the evap- 
oration of former lakes. ... In the summer months portions 
of them become so baked and hardened as scarcely to receive 
an impression from a horse's hoof, and so sun-cracked as to 
resemble tessellated pavements of cream-colored marble. 

^ « 

* Lawa of Formation of New Mexico Mountain Ranges. Ambricak 
Geologist, May, 1904. 
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Other portions of the valleys become incrusted to the depth of 
several inches with alkaline salts which rise to the surface as 
an efflorescence and give the appearance of drifted snow. The 
dry surface material of the deserts is sometimes blown about 
by the winds, saturating the air, or is caught up by whirl- 
winds and carried to a great hight, forming great hollow 
columns of dust. These swaying and bending columns, often 
two or three thousand feet high, rising from the plains like 
piflars of smoke, are a characteristic feature." 

The above might almost have been written of the Otero 
basin, which, nevertheless, has peculiar features of its own. 
Prominent among these are the great dunes of gypsum sand 
occupying fully 300 square miles lying immediately east of 
the largest playas. These "white sands'' 'have no counterpart 
elsewhere and have frequently been described.* It must not 
be supposed that the area of the white sands is absolutely bar- 
ren. On the contrary, it forms the only part of the basin 
which supports a thrifty growth of vegetation. This con- 
sists of occasional clumps of cottonwood trees and clusters 
of bushes of various species as well as of Artemisia and 
grasses. There are even small flats covered with Grama 
grass forming excellent feed. The superiority of the vegeta- 
tion over other parts of the basin is chiefly to be attributed to 
the hygroscopic nature of the gypsum. We found, for ex- 
ample, in the midst of a very dry time when the surface of the 
dunes was so hot that one could with difficulty endure the 
beat upon the bare hand, that a few inches below the surface 
there was a layer of damp sand several inches thick. Below 
this layer the sand was perfectly dry. Even in very hot 
weather this area is very cool at night and this is the result of 
precipitation, evaporation and reprecipitation upon the sands. 
Experiments made at the Agricultural College of Las Cruces 
show that the gypsum is of value in increasing the growth 
of wheat and other crops upon soil with which it is mixed. 
This appears to be wholly due to the hygroscopic action of 
the gypsum. It is probable that, when properly understood 
and utilized, this property will be made greatly to benefit ag- 
riculture m the arid belt. A sufficient covering or admixture 

• Cf. But. Univ. New. Mex., vol. ii. 
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of gypsum might render soils to some extent immune to 
droughts. 

The dazzling whiteness of the sand is strongly contrasted 
to- the unusual greenness of the vegetation. Travel over the 
sands in the day time during summer is dangerous and the 
peril is even greater during severe wind storms in winter. 
Two travelers perished on the day following the escape of our 
party on a previous visit in January. Seven hours rapid walk- 
ing over the sands and adjacent salt flats without food or 
water in July convinced one of our party of the grave pos- 
sibilities of any miscalculation of time or distance in this 
region. These natural diflSculties are greatly increased by the 
undrinkable nature of the water of springs and wells in this 
region. Animals and even men become innured to its use 
but vast numbers of domestic animals perish from its effects. 
We lost a valuable horse from the effects of drinking from 
a well used by hundreds of animals and the occurrence is not 
unusual. All watering places are surrounded by carcasses of 
cattle and horses. 

To the residual lakes found m the old basin the de- 
scription of Russell applies, and as some interest attached to 
the parallel, we again quote :* "Other lakes, which indicate 
still more pointedly the contrast between an arid and a 
humid climate, we may call piayaf lakes. These are broad 
sheets of shallow water, covering many square miles in 
winter season, but evaporating to dryness during the summer, 
their beds becoming hard, smooth mud plains or playas. In 
man}' instances a lake is formed over a playa during a single 
stormy night, only to disappear beneath the next noon-day 

sUn." 

The effects of the universal whiteness on life is seen in 
the case of certain lizards, beetles and spiders, which become 
nearly perfectly white. A question of considerable biological 
interest arises in this connection, namely, whether a long in- 
terval of time was necessary for such adaptive changes, or 
whether the adaptation occurs as a result of direct and 
prompt nervous reaction such as the paralysis of the nervous 

• X,. c. p. lUS. 

t The word plajra primarilj means a shore or beach. It would be inter- 
esting to know bow it comes to be applied to these mad flats. One la tempted 
to think of a conftxsion of terms. C. L. H. 
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apparatus controlling the chromatopho-es or the bleaching of 
the colors themselves. In the case of the lizard, Holbrookia 
texana, which is a rather poor pedestrian, the transformation 
of the upper parts is nearly complete but the characteristic 
blue bands remain below in contrast to the original white of 
the under parts. Crotophytus colaris, a very fleet and active 
species which can, upon occasion, pick up its tail and fore feet 
and make great progress as a biped, like some of its gigantic 
forebears in the west, is little if any modified so far as ob- 
served. 

Extent of Lake Otero, — So far as we can now determine, 
the area of this ancient lake may have been from 1600 to 1800 
square miles. We have made no examination to the south 
to ascertain if the nature of the barrier can be made out. It 
may have extended nearly to the Jarillas mountains. From 
the nature of the case, the old shore lines must be deeply 
buried under the talus from the moun*^ains whose fans spread 
out a great mantle of lime debris. Near Alamogordo at 
the mouth of one of these mountain canons a well was drilled 
over 800 feet without reaching solid rock. Along the gradual 
slope west of the southern tongue of mal pais, i. e. along 
what was the northwest border of the lake, erosion has ex- 
posed what seem to be remnants of old lake benches. At no 
other place have they been observed though three or four 
distinct benches border the playas upon the Tularosa forma- 
tion. 

We may assume that the saline lake began in Tertiary 
time and continued with minor changes to a period of disturb^ 
ance which may have coincided with the lava flow already 
mentioned. If the extrusion of so vast an amount of lav^ 
caused a sinking of the northern part of the valley, a deepen- 
ing of the lake would result and a corresponding diminution 
in extent which might account for a greater depth of water 
and a corresponding freshening of it. The extent to which 
the sheet has been undermined by subterranean erosion indi- 
cates a considerable antiquity. It is moreover possible that 
the Otero beds do not really underlie the lava, as they appear 
to do, in which event our only clue to the age of these beds 
is inapplicable. 
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Ta:L S:tr:et:n>cs these salt rLats are bire ani crvereii with a 
thftk ieocsh of salt ani alkalis as weZ as STrnrg^rr:. while in 
ccher cases th-tre caj be s-ime s*:il c:T-rr::r-^Iei ar. i the scr- 
tace :s sparsely coverei with *'salt bush.'' "'fait grass** and 
ccr.er plants 'i ine cistiriCL}- sa^^ne n:ri_ A^:-c^ tne marsrins, 
where the tans fric: the canrr.s have a-ided t? the 'Original 
^rrr:»'.-=:ts. the n-:ra :s increaseci by srre-ise-w :»:<! • l^jriz iries- 
qt::te ar.d the t>-p:ca: -desert facies. The salts •^:i: the plavas 
d:5er in di^'eretit cases. In sooic ca-'^^, when dry. there is 
a layer of nearly pure salt \ chlori-te of sodiurr: • several 
tccbes trick. More frequently other sn'ts occur in considera- 
ble abundance. When carbonate of soda prepoc-ierates it will 
often form a dense crust in which little cocimc-n salt is a 
prrxninent ingredient. Borax and carbonate of potassium also 
occur ur.der somewhat different conditions. There seems 
to be considerable tmiformity in the aniount of salt in die 
several divisions. Thus in the series of i^yas north of the 
barrier above described as separating the great western salt 
lakes into two portions an average of two samples gave over 6 
per cent of salt, while to the south of the Soda lake which is 
the southern part of this chain gave an averge of 14.6 per 
cent, besides large quantities of odier «alts. This might seem 
to indicate a tendencv to concentrate toward the so uth ern 
part of the area. Nevertheless the area near '*Mal Psais 
spring^' which issues from the southern end of the lava 
sheet, and the flats of the northern end of the old lake Otero 
are heavily charged with salt. An average of over 15 ya 
cent was found here without indudins^ several lakes whence 
commercial supplies of salt have been taken and which affdcd 
a continuing supply of the pure mineral. 

All the arroyos in the east side of the basin are saline. 
The water flowing in Lost river, for example carries 7 per 

soil in Tularosa arroyo nms 7.8 per cent. The 
]> tRduch Lost river flows is saturated brine and 
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furnishes commercial supplies. Analyses of the "white sands" 
show that this gypsum sand contains very little salt. 

From what has been said it will appear that along tht 
entire western border of the old lake the later formation has 
been removed, perhaps by combined wind and water action, 
leaving the Otero saliferous formation exposed over several 
townships, the material therefrom havingbeen driven eastward 
by the prevailing winds. The eastern margin is suffering 
destruction in another wav. Streams from the Sacramento 
mountains attack the sandy upper layers (Tularosa forma- 
tion) and by driving their waters against the advancing dunes, 
forming deep arroyos and, preliminary to them, series of sink 
holes in which in some cases water may be heard running. 
The arroyos are extended and new ones are formed by the 
confluence of these sink holes. During wet times the roof of 
such caverns may cave in and we have found the bodies of 
cattle, head downward, in such falls. It is apparent that so- 
lution rather than erosion is the great agent of destruction 
here. The arroyos so formed may end abruptly against the 
central dune area or may form salt flats along its eastern 
margin. These arroyos are covered with salt grass and salt 
bush and have the usual saline efllorescence. 

Much of the drainage from the east is not by way of open 
arroyos but reaches and even penetratns the Otero formation 
and passes through underground channels. Frequently these 
tmderground waters meet obstacles, or perhaps create them 
by depositing lime and gypsum, and so are forced to find 
an escape at the surface. These springs have a considerable 
artesian head, building up cones to the hight of twenty-five 
feet or more. Attempts have been made to utilize these arte- 
sian waters for irrigation but in all cases so far as followed 
up the results have been disappointing because of the saline 
impurities in these waters. Excavation has in some cases 
opened large subterranean chambers in the vicinity of such 
springs and the soil is marly and inapt for cultivation. 

The Tularosa Formation has been incidentally described. 
It consists of sandy marl largely gypslferous and moderately 
saline. It is usually covered with scanty desert vegetation 
and is rolling from the dune formation usually accompanying 
it. The presence over its entire extent of recent fresh-water 
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shells serves to indicate a comparatively fresh condition of the 
waters during the hight of the period. 

Economic Exploitation, Some efforts have been made 
to utilize the gypsum sands, a companv having been formed 
operating from Alamogordo for the manufacture of cement 
and artificial stone. It would appear that the more impure 
deposits occasionally occur in such mixtures with earth and 
vegetable matter as to require no retarder and simply need 
to be partially burnt to be ready for use. Artificial stope and 
stucco are produced but much remains to be done in the 
practical exploitation of what will sometime prove a great in- 
dustry and afford a substitute for tho lumber which at no 
very distant date will disappear from the southwest. Mexico 
affords an illustration of the great variety of uses to which 
a cheap cement may be put. Irrigation ditches and wiers as 
well as very substantial buildings are constructed of com- 
binations of adobe, poor brick, and cement. In this country 
the use of slow setting ("dead burnt") plasters is not in 
vogue so that great care is necessary to get the right degree 
of dehydration. 

The entire reeion is strictly saline and the thin covering 
of sandy marl of the Tularosa formation does not disguise the 
fact, though in the vicinity of the talus fans, especially on 
the east side of the valley, there is a fringe of good soil which 
will prove very productive when irrigated with fresh water. 
Such towns as Tularosa and La Luz near the base of the 
mountains are surrounded by thrifty orchards and alfalfa 
fields. There is little doubt that mountain reservoirs may 
do much towards the reclamation of a part of this area, but 
in the bed of the lake out from the immediate margin the 
salinity of the Otero formation will always impregnate the 
superficial layers. 

Although the only economic use so far made of the 
vast deposits of salts has been that of ♦^he local stock men who 
occasionally drive into one of these flats and shovel up a 
load of salt, is is probable that a large industry will one day 
be carried on here. It will be found possible to evaporate the 
brines by a solar process on a very large scale and the cement 
for making the pans is immediately at hand. Cheap coal 
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for refining will be available and it is only a matter of 
time when salt, soda apd borax works will be erected. 

It is not impossible that fresh water could be found by 
deep drilling and a partial artesian head would probably 
be found. In this event the exploitation of the district will 
be facilitated. If ope or more of the extensive irrigation 
schemes now on foot are carried to a successful completion still 
greater impetus will be given to manufacturing enterprises in 
this valley. 

In conclusion I have to thank Mr. A. J. Hunt and my 
son, Mr. H. N. Herrick, for assistance in the work covered 
by the present paper. The chemical work involved was all 
done by the latter. I also am indebted for sundry suggestions 
to Dr. W. G. Tight of the University of New Mexico. 
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EDITORIAL COMMENT. 



THE COLOSSAL BRIDGES OF UTAH. 

Mr. W. W. Dyar describes and illustrates in the Century 
Magazine for August, another great American wonder. Time 
was when the natural bridge of Virginia was held to be worthy 
of a long journey. It is rare indeed tliat the erosive forces are 
so balanced against the varying endurance of natural rock cliffs 
as to excavate and undermine and leave intact a span of the 
firmer rock arching over an eroded softer stratum. Rare as this 
may be it is certainly rarer that arches as majestic as those de- 
scribed by Mr. Dyar should be wrought and preserved through 
the vicissitudes of Pleistocene time and remain to the present — 
indeed it is certain that no natural bridges equal to these are 
known in any part of the world. The unexplored interior of 
Africa may disclose natural arches of equal hight and span, but 
until such are discovered those of Utah will very easily rank 
first and will challenge the admiration of American travellers. 

These bridges are near the head of White canyon in San 
Juan county. ''Their walls and buttresses are composed of 
pinkish sandstone, streaked here and there with green and or- 
ange-colored moss or lichens." The Caroline bridge, by a se- 
ries of rough triangulations was found to measure two hundred 
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and eight feet, six inches from buttress to buttress across the 
bottom of the canyon. From the surface of the water to the 
center of the arch above the hight is one hundred and ninety- 
seven feet, and over the arch at its highest point the solid mass 
of sandstone rises one hundred and twenty-five feet farther, 
to the level floor of the bridge. The causeway of the bridge, 
over which an army could march in columns of companies, as 
remarked by Mr. Dyar, is therefore three hundred and twenty- 
two feet above the stream. The floor of the bridge is one hun- 
dred and twenty-seven feet wide. Unfortunately, owing to the 
winding course of the canyon at this point and the consequent 
lack of perspective, the travelers were unable to obtain photo- 
graphic views conveying to the eye any adequate expression 
of the majesty of this bridge. Still Mr. Dyar succeeded in get- 
ting a sidewise view and the Century Magazine has reproduced 
it from a half-tone plate engraved by S. Davis. 

Three and a half miles above the Caroline bridge is the 
Augusta bridge, which is the most remarkable and majestic 
seen by the explorers. Of this a colored half-tone by Henry 
Fenn is given by the Century Magazine, occupying a full page, 
made from a photograph. This is described as magnificent, 
symmetrical and beautiful in its proportions, "so as to suggest 
that nature after completing the mighty structure of the Car- 
oline had trained herself for a finer and nobler form of archi- 
tecture." Here tHe cross-section of the canyon, is three hun- 
dred and' thirty-five feet and seven inches from wall to wall. 
The splendid arch is of sandstone sixty feet thick in the central 
part and forty feet wide. The opening- beneath the arch is 
three hundred and fifty-seven feet in perpendicular hight. The 
lateral walls of the arch rise perpendicularly nearly to the top 
of the bridge where they flare suddenly outwards, giving the 
effect of an immense coping or cornice overhanging the main 
structure fifteen or twenty feet on each side, and extending 
with the greatest regularity and symmetry the whole length of 
the bridge. A large rounded butte at the edge of the canyon 
walls seems partly to obstruct the approach of the bridge at one 
end. 

"Here again," in the words of Mr. Dyar ,"the curving walls 
of the canyon and the impossibility of bringing the whole of 
the great structure into the narrow field of the camera, except 
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from distant points of view, render the nhotc^raphs Unsatisfac- 
tory. But the highness and grace of the arch are brought out 
by the partial view which Long obtained by climbing far up 
the canyon wall and at some risk crawling out on an overhang- 
ing shelf. The majestic proportions of this bridge, however, 
may be partly realized by a few comparisons. Thus its bight 
is more than twice and its span more than three times as great 
as those of the famous natural bridge of Virginia. Its but- 
tresses are one hundred and eighteen *eet farther apart than 
those of the celebrated masonry arch in the District of Colum- 
bia known as Cabin John bridge, a few miles from Washing- 
,ton city, which has the greatest span of any masonry bridge 
on this continent. This bridge would over-span the capitol at 
Washington, and clear the top of the dome by fifty-one feet, 
and if the loftiest tree in the Calaveras grove of giant sequoias 
in California stood in the bottom of the canyon its topmost 
bough would lack thirty-one feet of reaching' the under side 
of the arch." 



THB LITTLB BRIDOB. 
mKhair-toDcpUtecDKraTed b; J. W. Btbdi 
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The Little bridge, of which a cut is herewith shown, taken 
by permission from the Century Magar.in€, is a mile and half 
below the Caroline bridge. Its dimensions are not so large as 
those of the Caroline and Augusta bridges. It has a span of 
two hundred and eleven feet, four inches. The under side of 
the arch is one hundred and forty-two feet above the bottom 
of the canyon. The crown of the arch is eighteen feet, eight 
inches thick and the roadway is thirty three feet, five inches 
in width. "The slenderness of this aerial pathway and the 
fact that the canyon here opens out into a sloping valley be- 
yond rendered it possible for the camera to give a proper im- 
pression of loftiness. Indeed, judging from the photographs 
alone one might suppose this to be the highest of the three 
bridges, whereas in fact it has but little more than one-third 
the altitude of the wonderful Aiigusta arch. It was compara- 
tively easy to reach the top of this bridge, and among Long's 
notes I find the following: *Rode our horses over. I am the 
first white 'man who has ever ridden over this bridge.* '' 

The foregoing descriptive notes are condensed from the 
interesting account by Mr. Dyar, who used the notes made by 
Mr. Horace J. Long who in company with a cattle man named 
Scorup visited the region March 13, 1903. Mr. Scorup had 
seen the bridges in the fall of 1895, but they were discovered 
earlier in the same year by Emery Knowles. 

The region is one of the Cliflf Dwellers, and abounds in their 
remains. It is evidently destined to become one of great inter- 
est. The Century Magazine is to be thanked for the beautiful- 
but simple presentation of these natural wonders 'to the atten- 
tion of the public, N. h. w. 
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Pauue cambrienne du Haut-Alemtcjo, par J. F. Nery Delgado ["Com- 
municacocs" du Service Geologique du Portugal Fom. V., Lisbonne, 
1904 J. 

This communication is of much interest to palaeontologists in mak- 
ing them acquainted with a new fauna of Cambrian time in southern 
Europe. 
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It is contained in what has been denominated the "Upper Cambrian" 
of Portugal as distinct from the "Lower Cambrian," which M. Dcl- 
gado places on a par with the Algonkian, Huronian, Keweenawan, etc. 

The fauna is contained in a schistose group of beds immediately 
subordinate to a heavy body of limestones which he designates as the 
limestones of Villa Boim. The underlying beds are chiefly quartzytes 
100 metres thick. The fossils were taken frdm a thin layer of slate 
about a centimetre thick in the top of the quartzytes. Beneath the 
quartzytes above mentioned are other quartzytes, slates, etc., of great 
thickness, of the same series. 

The fossils were very irregularly distributed in the slates and were 
preserved in spathic iron which by its oxidation discolored the rock 
and revealed the position of the fossils. These are consequently moulds 
of the tests showing the outer and inner surfaces of the fossils. The 
greater part of them are the remains of the heads of trilobites ; the mov- 
able cheeks are usually wanting, and fragments of the thorax and 
pygidia are rare. The fauna is chiefly composed of species not hither- 
to known or described. Besides the trilobites there are several species 
of pteropods (Hyolithidae) lamellebrianchs and brachiopods. 

The existence of several species of lamellibranchs in this fauna is 
worthy of attention; they are of small size and carry genera described 
by Dr. Henry Hicks from the Tremadoc down to this horizon. 

There are innumerable detached heads and pygidia of trilobites of 
the genus Microdiscus imbedded with the other fossils. No example 
of an in rolled trilobite of any genus was found. 

Upon the vari-ed forms referable to the genus Microdiscus M. Del- 
gado bases the opinion that this fauna is allied to that of Olenpellus in 
America. 

However, if a comparison is made with the fauna of Wales studied 
by Hicks this Portuguese Cambrian fauna is best represented by the 
Solva group fauna of Wales. 

In the Siberian Cambrian fauna described by von Toll there are a 
number of related forms especially in the genus Microdiscus. M. Del- 
gado considers that the Portuguese species showing relation with the 
Olenellus fauna are of greater importance than those which connect 
it with the Paradoxides fauna. 

Of Paradoxides five species were found, indicated cither by a 
suffickncy of parts to determine the species, or by fragments. 

In this memoir M. Delgado elaborates the character of a new genus 
—Hicksia, founded on a group of species resembling Salter'^ species 
Conocoryphe humerosa: it has the tumid cheeks and glabella of Solen- 
opleura with the smooth test of Liostracus, but the back of the glabella 
is narrower than in Liostracus ; like the latter it has a quite small py- 
gidium. No less than nine species referable to this genus are described. 

Of the genus Microdiscus five species arc dcj^cribed. They are 
mostly smooth forms such as are found in the Oleiulellus fauna and 
faunas referred to that horizon. 



194 '^he American Geologist September. 1904 

Three H vol ithes are described of which two are referred to species 
described of the Lower Cambrian of America. 

Though they are minute, considerable variety is found in the spe- 
cies referred to the Lamellibranchiata, as may be seen by the generic 
names Posidonomya (?) Modiolopsis, Synek, Davidia (3 species) and 
Ctenodonta. 

The Brachiopoda are rather meagerly represented by Obolla (2 
species) Acrothele Lingulepis (2 species) and Lingulella (3 species) 

Six plates containing numerous photographic figures of the fossils 
serve to give completeness to the memoir. These have the merit of 
accuracy and eliminate the personal equation, but for such small figures 
as those of the brachiopods and lamellibranchs they do not present 
determinate characters. Such a picture illuminates the fossil only from 
one side and fails to bring out all the details. An enlarged drawing 
by the author representing what he saw in the fossil, viewed from 
different points, would help to fix the descriptions in the reader's mind. 

M. Delgado is to be congratulated on the complete manner in 
which he h^s worked up this fauna contained in a little bed of the 
Cambrian rocks of Portugal, and thus given a fixed horizon from 
which to determine the age of the connected formations above and 
below it. a f. m. 

North America. By Israel Cook Russell. Pages x, 435 ; with 8 col- 
ored maps and 39 other illustrations. New York, D. Appleton & 
Company, 1904. 

This excellent compendium of geographic, climatic, biologic, geologic, 
and ethnologic description of our North American continent if. one in 
a series of convenient octavo volumes treating of "The Regions of the 
World." For this task the author has given in previous works full 
guarantees of his ability, having published, besides many and volumin- 
ous reports of the United States Geological Survey, several geographic 
works during the years 1895 to 1898, on the lakes, glaciers, volcanoes, 
and rivers of North America. 

Professor Russell says in the preface: "While writing this book I 
have become more and more impressed with the incompleteness and 
inadequacy of the printed records relating to the geography of the con- 
tinent of which it treats. Extensive tracts, particularly in the f^r North, 
have not been traversed by observant men, vast areas throughout the 
continent have not been surveyed and mapped, and even in the some- 
what thickly inhabited portions of the more enlightened countries there 
are large districts in reference to the geography of which there is but 
little critical information available. Under these conditions it seemed 
best to select typical examples of various geographical features from 
the better known portions of the continent to represent the conditions 
throughout the less thoroughly explored domain in which they ?re sit- 
uated, and at the same time serve to illustrate the highly creditable ad- 
vances made by American geographers in definitely (crmuhting the 
principles of physiography. The book may, in a measure, be considered 
as an attempt to present in popular form a report of progress concern- 
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ing the study of the geographical development of North America at the 
beginning of the twentieth century." 

The chapter on geology comprises 56 pages, treating very interest- 
ingly of the growth of the continent, noting briefly its rock formations, 
and more at length its resources for quarrying and mining. A geologic 
map of three colors shows the igneous, sedimentary, and metamorphic 
rocks. Another colored map delineates the Pleistocene glacial deposits, 
but by transposition reverses the chronologic sequence of the Illinoian 
and lowan drift sheets. w. u. 

Index to the Mineral Resources of Alabama. By Eugene A. Smith 
and Henry McCalley. Published by the Geological Survey of Al- 
abama. Pages 79; with a geological map of the state, and six plates 
(views from photographs). 1904. 

This report briefly describes the numerous and varied geologic re- 
sources of the state, with references to further information in the pre- 
vious publications of the state survey. 

Alabama ranks as the third state of the Union in iron ore production, 
which during the year 1902 was 3,574,474 long tons, having a value at 
the mines of nearly $4,000,000. Practically all the ore is smelted in the 
state, by 42 coke furnaces and six charcoal furnaces. 

The state is also rich in bituminous coal, having an area of 8,800 
square miles of the southwestern end of the great Appalachian coal 
field. Twenty-five coal seams have been Worked, ranging in thickness 
from 18 inches to 16 feet. Although during Jtht first twenty-five or 
thirty years of coal mining in Alabama, previous to 1874, its total pro- 
duction was no more than 480,000 tons, this industry has increased in 
thirty years to 11,700,753 tons mined in 1903, valued at about $15,000,000, 
giving to the state the fifth place among the coal-producing states of 
the Union. w. u. 

The Glaciers of Alaska. George Davidson, a.m., p1.d, sod., Honorary 
Professor Geodosy and Astronomy and Professor of Commercial 
Geography, University of California. (Transactions an<^ Proceed- 
ings of the Geographical Society of the Pacific, Vol. HI, Scries H, 
June, I90.t.) 

The author of this paper has made an extended study of records and 
charts made by the earlier navigators of the Pacific coast and islands 
of northwest America, and has embodied the results of this study in 
the above named paper covering 98 pages and eleven charts. All ac- 
cessible maps of these regions prior to 1852 had been compiled by 
Tebenkof, to whose great atlas of thirty-eight charts Davidson has 
access as well as to the English, Spanish and Russian originpls from 
which Tebenkof quoted or compiled. Davidson's work ccmmences with 
glaciers mapped on a volcano on Ackha island, Lat. 52 VI. Long. 174J4 
W, and embraces the vast coast line and island shores to Stakhun river, 
Lat 56^, Long, i^i^ N., a coast line unrivaled in its grandeur, at- 
tractiveness and accessibility, and offering to the student of glacial ge- 
ology the largest and best fields for research outside polar regions. 
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After citing the possible existence of glaciers on Atkha island, Dav- 
idson reviews at considerable length those on Unalaska island, the Pe- 
ninsula of Alaska, Cook's inlet, Kachemak bay, Kiani peninsula, Prince 
William sound, Yakutat bay and from Glacier bay to Stakheen river. 

Tebenkof's charts mark the positions of thirty glaciers; these, as 
noted by Davidson, are (a) on the southeast coast of the peninsula of 
Alaska north of Agripina bay, three; (b) on the southeast coast of 
Kenai peninsula, eleven, then follow (c) the great glaciers fronting on 
the ocean between Icy bay and Lituya bay, including Malaspina, Yakutat 
and Fairweather glaciers; the apparently recent obliteration of Icy bay 
and the uncovering of the northeastern part of Yakutat bay and of the 
entire Disenchantment bay region are marked features in this group; 
(d) the next group is on the north shore of Cross sound, where Teben- 
kof charts eight important glaciers, two of which indicate that Taylor 
bay has been blocked by an advance of Brady glacier, and that the 
three easterly glaciers as mapped by Tebenkof, indicate an extensive 
retreat which has uncovered Glacier bay and its entire group of tribu- 
tary glaciers. Davidson recites quite reliable Indian legends supporting 
the evidence furnished by these early charts: (e) the most southerly 
glaciers mapped by Tebenkof are, one on the north shore of Taku inlet 
and one on the east shore of Frederick sound north-northeast from 
Wrangell narrows; this glacier must have come from the great Stakheen 
mer de Glace, and in 1835 filled Frederick sound and Wrangell nar- 
rows with bergs. Glaciers also reached tide water here in 1867 — but 
today these glaciers do not flow into tide water with sufficient energy 
to give off bergs. 

These constitute the glaciers mapped up to the date of Tebenkof's 
atlas and when compared by Davidson with later chartings show marked 
retreat in most cases. 

Later records are also fully reviewed by Davidson. The most in- 
teresting points brought out by him are: (i) the probable recent open- 
ing of Doran strait and Harriman fiord by the recession of Washington 
and Barry glaciers, thus permitting the Harriman expedition in 1899 to 
first expose the splendid group of glaciers to the west of Doran strait. 
(2) The retreat of two and one-half miles of the Kachemak bay glac- 
iers. (3) The changes since Vancouver's survey in the Port Valdes 
region. (4) The probable recession in the glaciers of Taku inlet since 
Lt. Whidbey's description in 1794. 

Davidson concludes, p. 92: "So far as we can judge there has been 
a general recession of the glaciers through Aleutian islands, the pe- 
ninsula of Alaska, and from Cook's- inlet to Portland canal ; except 
where they come directly or almost upon the broad ocean." 

The evidence of advance seems clear at Wimbleton or Taylor bay, 
just inside cape Spencer, at Icy strait, since the survey of Whidbcy; 
but the recent topographical survey by the United States Coast and 
Geodetic Survey shows a retreat behind the terminal moraine which it 
has left as a record. 
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Th« Malaspina glacier has filkd and obliterated the Icy bay of Van- 
couver and Tebenkof; the recent Canadian survey indicates that the 
glaciers of Lituya bay have shortened the deep arms described by La 
Peroiise; and the La Peroiise glacier upon the ocean shore shows 
positive signs of advance according to the reports of the Harriman ex- 
pedition of 189a 

"Nevertheless in this region of advance the immense ice blockade 
at the head of Yakutat bay, so well depicted by Malaspina and con- 
ftrmed by Tebenkof, has been carried away, and the Turner and Hub- 
bard glaciers now discharge into the sharp bend at the head of the bay. 
Puet reported there was a small inlet that extended N. 55° E., one 
league behind the ice front. July a7th, 1794." 

This excellent work should form the basis of a thorough survey of 
all the more important glaciers therein mentioned ; and should be in 
the hands of those who visit these regions as a general guide and to 
induce close study and comparison. M. M. 

Dodge's EUmenlary Geography. R. E DjDCt 231 PP- Ra"*J. Mc- 
Nally & Co.. Chicago, New York, London,, Oct. 1903. Price 
75 cents. 

In the multiplicity of gecigraphies that are appearing in the 
United States constructed on the more modern ideas, it is some- 
times a little difficult to discover their individual distinctions. There 
are physical geographies, and geographical geologies, as well as 
geographical histories. In neariy all of the recently published mod- 
em geographies the lines devotsd to political geography are rather 
few, and those devoted to physiography are tnany and long. Dodge's 
geography is more evenly balanced. While its cha^ters and para- 
graphs bear the term of political geography, the maps that illustrate 
them are both political and physical. Of the latter North America, 
for instance, is shown by a beautiful relief map and also by a 
physical map, followed by a political mao. Tlie United States is 
also thns thrice mapped. The different sei-.i'.ms ot the United Slates 
are politically mapped and the facts ot their indusirial differences 
arc clearly set forth in the text. This book dwells more on th<r 
facts of geographic distribution ot the inhabitants and their occupa- 
tions than upon the physical eausts of such distribution. It is pro- 
posed by the author to treat fully of the physiographic elements of 
geography in a more advanced work. The voiume is bountifully 
illustrated by beautiful halt-tone engravings from photographs. On 
th* ■ji'j nanoe o,-o n„™K»,.-.i ,-r; guch plctures. It would bc difficult 
Hence of this work as an elementary 
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BROWN, L. P. 
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of the South, vol. 15, pp. 53-127, 2 pis., June, 1904). 

CA8E, E. C. 

The osteology of the skull of the Pelycosaurlan. genus Dimetro- 
don. (Jour. Geol.. vol. 13. pp. 304-312, May-June, 1904). 

CASE, E. C. 

On the structure of the fore foot of Dimetrodon. (Jour. Geol., 
vol. 13, pp. 312-316, May-June, 1904). 
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Report of the bureau of mines [Ontario] 1904. vol. 13, part 1, 
Mar.. 1904, pp. 255^ 7 plates, 3 maps, Toronto, 1904. 
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GREENE, G. K. 

Contribution to Indiana paleontology, part 19, pp. 185-197, pis. 
55-57, July 20, 1904, New Albany, Ind. 

A'J HAGER, LEE. 

The mounds of the southern oil fields. Part 1 and 2. (Bug. Min. 
Jour., vol. 78, pp. 137 and 180, Aug. 4, 1904.) 

I. -" H0BB8, W. H. 

Tectonic geography of eastern Asia. (Am. Geol., vol. 34, p. 
Aug., 1904'.) 
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Charles Emerson Beecher, (Am. Nat., vol. 38, pp. 407-4 . 
trait, June, 1904.) 
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A series of gentle folds on the border of the Appalachian 
(Jour. Geol., vol. 12, pp. 281-290, May-June, 1904.) 

LUTHER, D. D. (JOHN M. CLARKE and). daigua and 
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Naples quadrangles Bull. 63, N. T. State Museum, PP- 

bany, 1904. 

McCALLEY, HENRY (E. A. SMITH and). ^^^ ^^^ ^ap 

Index to the mineral resources of Alabama. Oeo . 

and illustrations, pp. 79, Aontgomery, 1904- 

MORGAN, W. C. (and M. C. TALLMON). ^^ ^ pp 403-410, 

A fossil egg from Arizona. (Bull. XTniv. Cal.. v 
pis. 48-49, June, 1904.) 

ORTON, EDWARD, JR. ^ survey of OWo. 

The orgar*--**-'-' -nd work of ^^^^^^^^^J" l«08.> 
CBvOmmS^ V Sur., pp. I-XXL Dec. 
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OSGOOD, W. H. 

LAke Ctark. tSat. G^^og. Mag., vol. 13, p. 12^. Aug.. 1»04.) 
PARKS, W. A. 

R»-markatil>- |>:ir..s;;B ti-ni Ihp It-v^ni i;i riTks ol the Huplnon bay 
Bloj*. (Am. J..uf. S. i,. v.. I. 1\. |.. i:;.-,. Aue . 11—4.) 
SCOTT, W. 8, 

John Eltll Halrh-r. iS-ieri-e. v..l ;fi. .,. !:;!• July -29. ISi^l.t 
BELLARD8, E. H. 

Study of the struclure of Paleoz-iic cnkrriii.Jie.s. wilh deaorlp- 
llona of new form!' from the C'oul Uea^ures. (Am. Jour. Set voL 
IS, p. IIJ, August. 1S0».) 

SINCLAIR, W. J. (and E. L. FURLONG). 

E^reralberluin. a. new ungulate from the Qualernary caves of 
Carifornia. (Bull. mU, '.-al.. v.il. 3. Mr. 411-»lv. 2 [.Uies, June, 1904.) 
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UPHAM, WARREN. 
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WATSON, THOS. L. 
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(Jour. Geol.. vol. 13, pp. ;:94-304, May-June. 19'M.) 
WE1DMANN, SAMUEL. 
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WILDER, F, A. 

The I,ar,Tinie :xi.<l 
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Monograph of British Carboniferous lainellibranchs, published in the 
Palaeontolographical Society's vohime for 1903. 1 wish Mr. Girty had 
had access to this Monograph before he penned his note because un- 
fortunately most of the scientific names quoted by him turn out to be 
mere synonyms of previously described species, or belong to genera 
distinct from Avkulipecten. 

I think, in the unfortunate circumstance of the absence of any defi- 
nite indication, that it is a good and simple rule to regard the first de- 
scribed species as the type of the genus. All that Mr. Girty has to 
say -as to the locality is important, but nevertheless an author has some 
object in view in the arrangement of his species, and as McCoy adopted 
no alphabetical order, we must presume that he intended A. planoradi- 
atus to be the type. Unfortunately, however, he had erected this spe- 
cies on a left valve, in ignorance of the fact that he had previously 
described the right valve as Pectcn tabulatus; consequently this name 
has the priority. Again McCoy did not recognize that his A. docens had 
been described long before by Portlock under the name Pecten setni- 
cestatus, which name is prior even to P. Hexuosus McCoy. The 
hinge plate of this species is almost smooth, vide fig. 11, PL XIII, (op. 
supra cit.), the fine parallel striae are only to be seen by a microscope. 
I have found it necessary to remove A. papyraceus bow. ip,, A. gran- 
osus Sow. sp., aind A. concavus McCoy sp. from Aznctilipectcn, be- 
cause they have a narrow linear hinge plate, and the posterior is not 
marked off from the rest of the valve, I have referred them to Pter- 
inopecten, Hall. Neither of these three species can in any way be 
regarded as the type of Ai*icul\pccten. I have pointed out Zittel's mis- 
take in referring A. papyraceus Sow. sp., as the type of that genus. 
Op. supra cit, p. 51. It will be noted in my monograph that I have 
restricted Aviculipecten to forms with a long hinge line, well marked 
elongated ears, but even so I feel that future observations will prob- 
ably necessitate a still further restriction of this genua. 

WHEELTON HIND. 

Stoke on Trent, England, July 21, 1904. 



PERSONAL AND SCIENTIFIC NEWS. 



At a recent meeting of the Virginia Board of Agri- 
culture an appropriation was voted for a Geological Survey 
of the mineral resources of Virginia. The survey will be 
conducted jointly by the State Department of Agriculture and 
the Virginia Polytechnic Institute. Dr. Thomas L. Watson, 
professor of geology in the Polytechnic Institute, was ap- 
pointed Geologist-in-charge of the survey. 

Major A. W. A'oc.dks. San Diego, Gal., has recently been 
retired from active service in the United States army, and has 
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returned to his home in San Diego. He is building up a large 
geological library for the west coast. 

Dr. I. C. White, state geologist of West Virginia, has 
leave of absence for six months and has sailed to Brazil where 
he will examine and report on the coal fields of Rio Grande do 
Sul, the most southern state of Brazil. He left the United 
States July 5, and will return some time in December. 

Prof. G. P. Grimsley, of Topeka, Kansas, has been ap- 
pointed assistant geologist of West Virginia, and began work 
Aug. I, in the preparation of vol. iii, on clays, building stones, 
limestones, etc. 

The Ohio Geological Survey is carrying on both office 
and field work during the present summer. The following 
indicates the principal lines of work which the survey is at 
present conducting. Professor Edward Orton, Jr., State Ge- 
ologist, is completing his .part of the work on cement and its 
uses and is also editing the manuscript for two other bulletins. 
It is his expectation that four bulletins will be published dur- 
ing the remainder of the year. Professor John A. Bow- 
nocker with an assistant is engaged in studying and mapping 
the distribution of the Pittsburg and Meigs Creek coals in the 
eastern part of the state. Professor Charles S. Prosser with 
an assistant is studying the stratigraphy of the Upper Silu- 
rian, Devonian and Carboniferous formations. Part of this 
work is directed toward the correlation of the Ohio formations 
with those of Pennsylvania and New York and a report is in 
preparation describing their stratigraphy in detail. 

The class in field geology of the Ohio State University 
during the spring term of this year, under the guidance of pro- 
fessor Prosser, studied the various formations which are found 
in central Ohio. The Devonian limestones (the Columbus and 
Delaware formations), the Olcntangy and Ohio shales of the 
Devonian ; the Bedford shale. Berca qfrit, Sunbury shale. Cuy- 
ahoga and Black Hand formations. Lo.5:an shales and Potts- 
ville formation of the Carboniferous comprise the formations 
which were studied the most thoroughly. The Saturdav field 
trips consumed the entire day. The rocks and fossils collected 
were later studied in the laboratory and a thesis prepared by 
each student which contained a description of the sections 
studied, together with a summary of the geological literature 
for central Ohio relating to the above mentioned formations. 

The Devonian volume of the systematic reports of the 
Maryland Geological Survey is nearing completion. It will 
be a composite work consisting of three parts; the Paleode- 
vonian by professor Schuchert, the Mesodevonian by profes- 
sor Prosser and the Neodevonian by Dr. John M. Charlse. 
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GLACIAL AND MODIFIED DRIFT IN AND NEAR 
SEATTLE, TACOMA, AND OLYMPIA. 

By Warbbn Uphau, St. Paul. Minn. 
PLATE XIII. 

These three cities in the state of Washington, the first and 
second situated on the eastern shore of the southern part of 
Puget sound, and the third at the end of the most southern arm 
of the sound, are respectivly its foremost and second commer- 
cial ports, and the state capital. Last year I spent several days 
in their vicinity, e>tamining the drift deposits of the region, 
coming to it by the Northern Pacific railway, and extending 
my journey across this drift area and a wide driftless tract on 
its southwest side, to the ocean shore west of Gray's harbor. 

Although my observations are necessarily very incomplete, 
as hoted in this paper, it is hoped that they may serve some 
useful purpose as a slight contribution to the description and 
History of the very interesting glacial and modified drift for- 
mations of the Puget sound lobe of the ice-sheet.* 

The most notable feature of these formations seems to me 
to be the very large proportion of the modified drift, or stratifi- 
ed gravel, sand, and fine silt, deposited by streams discharged 
from the ice-sheet, apparently during the time of its final melt- 
ing and departure at the end of the Glacial period. In the 
greater part of New England and in Minnesota and North 

* PrcYiona descriptions of these drift depovits, with discnssions of their 
origin and stages of the Glacial period, have been given by Baii,bt Willis, in 
a paper entitled "Drilt Phenomena of Paget Sonnd," Bulletin, G. S. A., vol. ix, 
1896, pp. 111*162. with five plates, containing many details of his observa- 
tions, and c 'a mannscript report of a reconnoipsance by Prof. I. C. 
RussBLL. )f the same studies is also presented by Bailby Willis 
and GBor in the Tacoma Polio, No. 54, 1899, of the Geologic 
AtSsts of f. 
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Dakota, where I have made extensive studies of the drift, the 
proportion of the glacial drift or till to the modified drift 
averages, as I estimate, generally about as two or three to one. 
Here, however, as on cape Cod, Nantucket, Martha's Vine- 
yard, and Long island, the ratio is reversed, so that the modi- 
fied drift is twice or thrice as abundant as 'the till. 
, Referring the modified drift mostly or almost wholly to 
derivation from formerly englacial and finally superglacial 
drift, which had been gathered up by the slowly flowing ice- 
sheet into its lower quarter or third part, but which was at last 
uncovered and exposed on the surface of the icv: when nearly 
all its thickness had been removed in the final melting, and 
tfience being washed down by superglacial drainage to the ice 
border, I therefore regard the large volume of these stratified 
drift deposits as good evidence of a very long duration of the 
glaciation. The lower part of this glacial lobe was abundantly 
charged with englacial drift, brought partly from the Cascade 
range on the east and partly from the Olympic mountains and 
the mountains of Vancouver island on the west, but doubtless 
also in an equal or greater degree supplied from the Intervening 
area of lowland, fifty miles or more in width, and from the 
bed of the sound, with its many canals, bays, and inlets. 

Pleistocene history probably began with an epeirogenic up- 
lift, elevating this side of the continent at least 3,000 to 5,000 
feet higher than now, as is known on the coast of California by 
the deep submarine valleys described by Davidson,* which 
great elevation caused glaciers to be formed first on the moun- 
tains and to extend thence outwards as piedmont glaciers on 
the lowlands. At length the glaciers of such local origin be- 
came confluent upon all the country. A general ice-sheet then 
enveloped British Columbia, and indeed extended, as I believe, 
during a very long period, from the Pacific to the Atlantic, 
across the entire width of Canada and the northern United 
States. At last, beneath the long continued ice burden, all this 
ncrtV.ein half of North America sank to its present altitude, 
or mostly a few hundred feet lower, bringing again a 
temperate climate, with plentiful melting of the ice every 
summer along all the border of the continental icefields, which 
then were somewhat rapidly melted away. 

* California Academy of Sciences, Bulletin, toI. ii, pp. 265-268, Jan., 1887; 
do., Proc, Geol., third Meriea, vol. i, pp. 73-103, with nine plates, 1807* 
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The channeling of the deep valleys now occupied by Paget 
sound and its many inlets, ranging from commpn depths to 100, 
300, and 500 feet to a maximum of 918 feet a few miles north 
of Seattle, must be ascribed, as I think, to river erosion during 
the time of continental elevation inaugurating the Ice age. 

While these valleys were being filled gradually by the grow- 
ing piedmont glaciers, sometimes retreating and again read- 
vancing, as we must suppose, their early till might become 
buried beneath stratified drift and a forest, which in their turn 
would be later overridden by the glaciers and long covered by 
the general glaciation. Therefore the intermittent glacial 
action shown by deposits of till underlying and overlying 
stratified drift, which sometimes contains layers of lignite, noted 
in various localities of the Puget sound region and attributed 
by Willis and Russell to successive and distinct stages of gla- 
ciation, may perhaps be more probably explainable by moderate 
oscillations of the margins of the early glaciers, requiring no 
long stage, nor very notable secular climatic changes, as the 
lower till would represent a time before the broad and general 
ice accumulation. 

After the glaciers flowing outward from the mountains at 
the east and west had become united, the Puget sound basin 
was evidently filled by a typical lobe of the continental ice- 
sheet, the snow and ice being amassed to the greatest thickness 
and hight upon its central and axial part, thence flowing out- 
ward to the west through the strait of Juan de Fuca, and to 
the south, where it terminated at a curved border nearly on 
the same latitude with Mt. Rainier. From the sites of Seattle, 
Tacoma, and Olympia, the currents of the ice-lobe moved 
southeast and south, carrying drift from the arta of the sound 
upward fully thirty miles to a hight of 1,000 to 1,600 feet 
above the .sea level near the base of the great snow-covered 
cone of Rainier, and reaching several miles farther south, to 
the latitude of that majestic white mountain, at the most 
southern limits of the icefields, about 100 to 400 feet above the 
sea, southwest, south, and southeast of Olympia. 

The lowest place in the southern watershed of Puget sound 

is about three miles southwest from Olympia, between that arm 

or inlet of the sound and Black lake, some two miles long, 

'j9t f the Black river, a tributary of the Chehalis river. 
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which flows west to the sea at Grav's harbor. The altitude 
of Black lake is about 1 60 feet above the sea level; and the 
watershed, in a wooded swamp about a quarter of a mile wide, 
close north of the lake, is only 5 to 10 feet hig'her. The rail- 
way from Olympia to Gray's harbor passes near this lowest sag 
of the water divide. 

Over this low pass a river doubtless outflowed for a consid- 
erable time when the icefields covering the southern half of 
the sound were being finally melted. Below the hight of about 
170 feet, therefore, evidences of standing water ponded 
against the retreating ice margin are to be expected in the 
valleys and along the shores of the sound from 01>Tnpia to 
Seattle, or farther north, their northern limit being reached 
wherever the melting of tne outer western part of this ice lobe 
in the great valley of the strait of Juan de Fuca coalesced with 
the melting of its southern part so as to remove the ice barrier 
and admit the sea there along the west side of the sound. 

But much of the modified drift of this region, Its far great- 
er part, is above the limit of lacustrine effects from the glacial 
lake so overflowing to Black lake and river. On tlie hills and 
plateaus bordering the sound, mostly 200 to 300 feet or more 
above its sea level and rising thence gradually on each side to- 
ward the Cascade range and the Olympic mountains, great 
areas of stratified drift sand and gravel are found, which must 
be attributed to stream deposition attendant upon the recession 
of the ice-sheet, with free descent of these streams, which 
would deposit the greater part of their coarse modified drift 
close to their places of discharge from the waning icefields. 
Thus the highlands along this soutli half of Puget sound were 
overspread by stratified drift progressively from Mjuth to north, 
as the ice border was gradually melted back. 

Queen Anne hill, in the northwest part of the city of Seattle, 
rising with moderately steep slopes to a massive, gently round- 
ed top, or rather to two such hilltops, each about 4(:)0 feet above 
the sea level of the sound, a half mile distant, consists of strati- 
fied sand and gravel, cut in many places 6 to 10 feet deep for 
new streets, and on its steep southern side cut 25 to 50 feet 
in the same UKxlified drift. Much of it is cjuite irregularly bed- 
ded, and in the deep southern cuts the ])eds are largely inclined 
10^* to 20" northward, dipping toward the center of the hill. It 
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is mostly sand in the lower parts of its deepest sections, but 
includes gravel beds nearly everywhere for the highest 5 to 
10 feet next to the surface, with rounded cobbles up to 6 to 8 
inches in diameter. Bould-ers are very rare or wholly absent. 

Only in one place on this hill was any till observed, that 
being in a street cut on the northwest slope of the eastern sum- 
mit, about forty rods from the city water works lower, which 
stands on the top of this east part. There, 25 to 30 feet below 
the top of the hill, a lenticular mass of true till, 30 feet long, 
with a maximum thickness of 5 feet, was seen inclosed in an 
exceptionally coarse gravel deposit, the till mass being 5 to 10 
f<^t below the original surface. All around it was very coarse 
gravel, in part showing a gradual transition, but mostly with 
a definite and abrupt line of separation. The explanation that 
seems most satisfactory would refer the modified drift of this 
large and high double-topped hill to def)osition under the edge 
of the departing ice, when it had become thin and drift-covered 
on account of its surface melting. Streams gathering the 
superglacial drift from parts of the icefields a little farther north 
probably poured down through crevasses near the ice front, 
amassing the great hill in a two-parted cavity melted beneath 
the ice. The deposition of the modified drift progressed as the 
subglacial cavity was melted and enlarged; and the mass of 
till mentioned appears to have been derived from superglacial 
drift that was allowed to fall by the full -melting of the ice be- 
neath it, without becoming modified by water assorting and 
stratification. 

Duw^amish head, and the plateau extending from it south- 
ward, a mile wide between Elliott bay and the main sound, 
rising 250 to 300 feet above the sea level, reached by a ferry 
trip of two miles west from the docks of Seattle, are, in the 
lower 100 to 150 feet, horizontally bedded clay, or very fine 
silt, light gray and nearly uniform in color, mostly exhibiting 
verv fine lamination, evidently laid down in still water. The 
next higher 100 feet, or more, are sand, yellowish gray, hori- 
zontally stratified in the lower part, but very irregularly bed- 
ded, with evidence of strong flow and counter currents of the 
depositing waters, in the upper part, where the sand be- 
comes coarser, with some layers of fine gravel. Above these 
verv thick stratified beds is a sandy till, with little or no strati- 
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fication, lo to 20 or 30 feet thick, forming the surface of the 
plateau, inclosing rather scanty small rock fragments, with a 
few large boulders. Good sections of the successive deposits 
are seen in the sea cliffs at and south, of the ferry landing, 
and likewise on the west side of the plateau ;. and they all seem 
to me referable to the time of the final melting of the ice lobe, 
being modified drift with a surface of till. 

Most of the area of Seattle city has till on the surface, 
which rises in very massive, smoothly rounded hills, 250 to 400 
feet high. Here, and in the northern suburbs, about lake 
Union and Green lake, the till has nearly the same very com- 
pact and clayey texture, and the same considerable proportion 
of small stones and large boulders, as the average till of south- 
em and western Minnesota; but it has much fewer bould<ers 
tEan are common in the till of northeastern Minnesota and gen- 
erally thence east to New England. 

Sections cutting through the till on Washington street, two 
blocks southwest of the court house, at the hight of about 
150 to 175 feet above the sound, shpw it to have there a thick- 
ness of only 2 to 8 feet along a distance of about 250 feet, being 
underlain by light gray, finely laminated shales, which seem to 
me probably of Lower Tertiary age, like the lignite-bearing 
shales in the vicinity of Renton, near the south end of lake 
Washington, about ten miles south-southeast of Seattle. 
Numerous other sections in this city show the glacial and 
modified drift to be frequently no more than 10 to 25 or 40 feet 
thick, with such shales lying beneath and reaching to an un- 
determined depth. 

The massive hills were subaerially sculptured in the shales 
before the Ice age, and are only thinly veneered with the drift ; 
but in the valleys the drift doubtless attains, iii some places, a 
much greater thickness. For example, we cannot doubt that 
the long north to south valley occupied by lake Washington, 
whose water surface is 22 feet above the sound and the sea, 
with a maximum depth of 222 feet, had, along some route now 
filled by the drift, a continuous preglacial connection, nowhere 
less than 200 feet deep below the present sea level, joining 
the lake valley with that of the sound. 

Within the third of a mile eastward from Renton to a brick- 
yard, which uses the Tertiary shales, the bluff rising at the 
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south, side of Cedar river has these shales at its base, eroded 
to an undulating contour, on which till vi^s deposited to the 
thickness of 5 to 15 feet, succeeded by 75 feet of sand and 
gravel, containing cobbles up to 6 or 8 inches in diameter. 

Stewart street in Seattle, at its summit level, about 175 
feet above the sound, in front of the Hotel Washington, has 
cut through the thin drift, .which there is coarse gravel, into 
the shales, which contain in that place a layer of lignite, 4 to 6 
feet thick, in part clayey, about 10 to 15 feet beneath the orig- 
inal surface, horizontal but here and there considerably con- 
torted as if by the pressure of the overriding ice lobe. The 
lignite is seen along an extent of fully 250 feet at the upper 
north side of the street excavation, and also for a less extent 
on its south side, where this layer outcropped on the natural 
surface. 

In Tacoma, twenty-five miles south of Seattle, till generally 
forms the surface, which ascends in moderately steep slopes 
to a hight of 350 feet; but street grading or other and deeper 
excavations often pass through the till, penetrating into an 
extensive mass of modified drift, irregularly bedded gravel and 
sand, probably a subglacial deposit. A notable cnaracteristic of 
the till here is that many of its small rock fragments, about 
three fourths of all in some excavations, are well rounded peb- 
bles and cobbles, up to 8 inches in diameter, derived from pre- 
glacial valley gravels. Otherwise the till is quite typical, very 
hard and compact, with only a moderate supply of stones 
and few boulders, yet having some boulders 2 to 3 feet in 
diameter or larger. 

Till and thick underlying modified drift continue five miles 
northwest from Tacoma to Point Defiance, where they are well 
exposed in freshly undermined sea cliffs. Throughout the 
neighborhood of Seattle and most of the city area of Tacoma, 
the drift surface is smooth, without the knolls and small ridges 
peculiar to marginal moraine tracts; but in Point Defiance 
park, and thence southward eight miles to Chambers creek, 
it consists of knolly and ridgy till, with more than the ordinary 
proportion of boulders, possessing thus well marked morainic 
characters. The knolls, however, as seen on the railways going 
to the park and to Steilacoom, are seldom more than 10 to 
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20 feet high ; nor does the drift accumulation seem much great- 
er than on the smooth areas. 

Southward from Chambers creek, as about Steilacoom and 
American lakes, and at Parkland and southward on the railway 
from Tacoma to Spanaway lake, the surface is stratified gravel 
and sand, in far reaching plains, extending to the drift boun- 
dary. These . Steilacoom plains, as they are nam^d by Willis, 
are 250 to 350 feet above the sea. Spanaway lai<e, one mile 
long, at the hight of 329 feet, is of the same type as many 
others inclosed thus by modified drift, being probably the site 
of a finally isolated remnant of the melting ice border, which 
was surrounded by the rapidly deposited gravel and sand. 
When the ice mass melted, it left a hollow and lake. 

From Steilacoom, Parkland, and Spanaway lake, only strati- 
fied drift gravel and sand were seen along the distance of 
about twenty-five miles southwest to 01>iiipia and twenty 
miles onward to Gate, at the edge of the drift. In all 
that distance, nearly fifty miles, only two or three boulders 
were seen, these Ijeing 3 or 4 feet in diameter, in the 
fine sand of the modified drift about two miles southwest of 
Olympia, on the ascent to the watershed near Black lake. The 
deposition of the sand and gravel took place evidently close 
outside the retreating ice margin at the end of the Glacial 
period. 

About a quarter of a mile southwest of Olympia depot, on 
the soutli side of the railway and near the end of this arm 
of the sound, is a well exix)sed section 60 to 100 tect high, con- 
sisting of very fine sand and clay beds, all laminated, with no 
giavel, dipping 2^ to 5^ eastward. These l^eds, rarely exposed, 
form the lower half of the plateau country adjoinmg the end 
of the sound ; but the upper half, rising to 200 or 250 feet, is • 
sand and gravel, irregularly bedded, often very coarse, with 
cobbles up to 5 or 6 inches in diameter. 

One of the many excavations in this modifiec! drift of Olym- 
pia has a part that resembles till. It is a half mile east from 
the center of the town, and at the estimated hight of 150 to 
160 feet, being a dark gray, very compact and very coarse 
gravel, with abundant stones up to 8 inches, all somewhat 
water worn, — thus containing too many cobbles to be regarded 
as till, and having no boulders. That deposit, lu to 15 feet 
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thick, is overlain by 5 or 8 feet of the ordinary coarse yellow 
gravel. 

Although there is little or no till at and near the drift 
border south of Puget sound, and although that belt has no 
large drift accumulations, the thin edge of the modified drift 
presents distinct but very low mounds and knolls, ridges and 
hollows, more or less referable to the class of marginal kames, 
which in many drift regions are a conspicuous feature of ter- 
minal and recessional moraines. Frequently only 2 to 5 feet 
high, but occurring in great profusion, by hundreds and even 
thousands, without any evident system or order of grouping, 
these peculiar gravel mounds, characterizing especially the 
open tracts of prairie in this mainly wooded district, are one 
of the most remarkable phases of terminal drift deposition. 
They seem to me correlative with the commonly hilly terminal 
moraine belts of other drift areas. 

A good description of these mounds, and discussion of their 
mode of formation, have been given by Mr. G. C). Rogers,* 
with illustrations of the probable conditions of the melting ice 
margin from Russell's observations of the present glaciers of 
Alaska. Other suggestions to account for the origin of the 
mounds, as by Prof, Joseph Le Conte,t who ascribed them to 
erosion of a formerly smooth deposit, are shown by Rogers 
to be inapplicable. 

Passing southward from Olympia by either of the two rail- 
ways, one sees the mounds of this marginal drift belt in 
countless numbers. The following details of thu prairie areas 
which they occupy there and eastward were not supplied by 
Rogers nor Le Conte, excepting their general statements that 
the **mound prairies'' are, as Rogers wrote, "a few miles south 
of Olympia,'' being, as Le Conte wrote, "at the southern ex- 
tremity of Puget sound." 

x\bout ten miles south from Olympia, and three to five 
miles north of Tenino, they have given name to Rocky prairie, 
because of the exceedingly abundant waterworn cobbles of the 
gravel which forms the general prairie and also the mounds. 
This prairie is crossed centrallv by the railwav for two miles. 

• "Drifts MoundA near Olympia, Washington," Amer. Geologist, vol. xi, 
pp. 393-S99, Tune. 1893. 

t Proceedings of the California Academy of Sciences, Dec. 15, 1873. 



212 The American Geologist. , October, 1904. 

Again, one to two miks south of Tenino, Grand Mound 
prairie, whose eastern end is crossed by the railway, and which 
extends thence seven miles westward, takes its name from the 
same moraine mounds. 

On the more western railway, running from 01)mipia 
southwest to Gate, and thence westerly to Gray's harbor 
these mounds are seen in great abundance on a prairie two or 
three miles in diameter at the distance of three to five miles 
northeast of Gate. Extensive gravel excavations, for ballasting 
the railway, have been made in the central part of this prairie, 
near Mima station. Several of the mounds, 2 to 3 feet high, 
half cut away, are seen to be through their entire thickness of 
the same black color as the surface soil, which elsewhere has a 
depth of only 4 to 6 inches ; but no difference is observable in 
the coarseness of the gravel forming the mounds and the in- 
tervening ground. Pebbles and cobbles from 2 to 4 or 6 inches 
in diameter are plentiful in the mounds, on the general surface 
between them, and for several feet. downward. 

At Gate (also called Gate City) the same gravel surface is 
much mounded and ridged, inclosing occasional bowl-shaped 
depressions 2 to 5 feet deep. In a miniature degree, the con- 
tour at Gate resembles that of a typical tract of kames, which 
usually consist of such coarse gravel ; but on the Mima prairie 
many hundreds of round mounds, 2 to 5 feet high, occur sepa- 
rate from each other, and are often very thickly grouped to- 
gether. 

The gradation of forms from round mounds to interlock- 
ing ridges and mounds, like small reticulated kames, debars 
the reference to aboriginal mound building, or to mounds of 
any burrowing animals, which at the first view are suggested 
by these very unusual drift deposits. Their true explanation 
has been well stated by Rogers, referring them to accumula- 
tion in little hollows of the finally very thin margin of the ice- 
fields when they at last melted back from this outermost tract 
or terminal moraine belt. 

Mr. John D. Henry, of Olympia, county surveyor of 
Thurston county, kindly supplied outlines and descriptive notes 
of the several "mound prairies" of that county, including 
Rocky, Grand Mound, and Mima prairies, already mentioned, 
and Tenalquot and Yclm prairies, lying farther east, on the 
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railway that extends from Tenino east and northeast to Taco- 
ma. From Mr. Henry's manuscript map of the county these 
prairies are mapped on plate xiii, accompanying this paper. 

Grand Mound prairie beginning three miles north of the 
railway station of Grand Mound, and reaching thence seven 
miles east to where it is crossed by the railway between Tenino 
and Bucoda, has an immense number of gravel mounds and 
short ridges, from 2 or 3 feet to 10 or 15 feet in hight, often 
very irregularly grouped, with hollows entirely inclosed, like 
ordinary kames. 

Tenalquot prairie, partly a grassed area, and partly covered 
with bushes and scattered trees, 6 to 10 miles northeast of 
Tenino, has many mounds, but reticulated kames there pre- 
dominate, as described by Henry, rising to higtits , of 25 to 
50 feet, with many inclosed hollows, 10 to 20 feet deep. The 
southeast corner of this prairie is crossed by the railway at 
Rainier station, about nine miles east-northeast of Tenino. 
Very fine views of Mt. Rainier, 40 miles east, are seen from 
this knoUy and ridged open tract. 

Four to^six miles northeast of Rainier station, the railway 
crosses Yelm prairie, on which is Yelm station, near its cen- 
ter. Mr. Hjenry describes the west half of this prairie as 
Having a contour of low ridges and mounds, while its east half 
is nearly flat but has on its southeastern edge many boulders, 
this being the only locality of their occurrence known to him in 
Thurston county. 

Mapping these five "mound prairies" in a curved belt of the 
marginal drift, six to eight miles wide, I trace its probable 
continuation east and northeast in Pierce county by the occur- 
rence of numerous lakes inclosed by the same gravel deposits, 
the largest being Kipowsin lake, about three miles long, trend- 
ing east and northeast. The belt at the northeastern limit of 
my map (Plate XIII) comprises township 19 north, range 6 
east, where Willis noted plentiful drift gravel ridges, knolls, 
and hollows, in the vicinity of the many lignite coal mines of 
that township, which is in an entirely wooded region. 

Similarly these low kames or marginal mounds and ridges 
of the Puget sound ice lobe are undoubtedly traceable through 
all the wooded parts of this belt, not less than on its prairie 
tracts, where their surprising abundance has been especially ob- 
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served and described. Their unique phase of terminal drift 
accumulation is the dwarf counterpart of the great moraine 
hills on other areas of our late and closing Wisconsin stages 
of the continental glaciation. 

The departure of this ice lobe was probably very rapid, 
li'ke the final melting of the icefields from the areas of lake 
Agassiz and of the great lakes tributary to the St. Lawrence. 
The land had sunk from its high elevation that caused the 
ice accumulation, and the glacial recession uncovering this 
southern part of the Puget sound basin, which had then nearly 
its present altitude and a climate probably as warm as now, 
may have occupied no more than a few centuries. 

Within so brief a part of the Qiamplain epoch, or time 
of land depression and final ice melting, which comprised the 
moraine-forming stages of waning glaciation, grandly repre- 
sented in the Dakotas, Minnesota, Wisconsin, and eastward to 
New England, the "mound prairies" of Washington received 
their knoUy gravel, the Steilacoom sand and gravel plains 
were spread in front of the retreating ice border, and the modi- 
fied drift and till of the Tacoma and Seattle hills were deposited 
from the englacial and at last superglacial drift. The mounds, 
the plains, and the plateaus and hills, were successively formed 
or overspread by their drift, but, as I think, with no long 
intervals of separation, all the series being closely consecutive. 



-TECTONIC GEOGRAPHY OF EASTERN ASIA. 

Reviews and Translations by William Hskbbkt Hobbs, 

Madison, Wis. 

III. JAPAN. (First Paper.) 

PLATE XIV. 

In earlier papers of this series^ have been treated, first, the 
interior plateau (Landstaffelu) of the Pacific coast of Asia as 
it has been described by von Richthofen ; and, second, the 
significance of the eastern coast line of the continent in the 
view of the same writer, together with more detailed examina- 
tion of Manchuria and Korea through reviews of papers by 
von Cholnoky and Koto. There remain for consideration the 

*ThisjonrnRl for Aupist and September, 1904. 
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chains of islands festooned along the coast, of wliich the more 
important are the Japanese chain, Formosa, the Pliilippines, 
and the Malaysian archipelago. 

Both by reason of its political importance and of its de- 
tailed geological exploitation, Japan is deserving of the first 
consideration. The excellent groundwork laid by Edmund 
Naumann* and Teyokitsi Haradaf have been utilized by pro- 
fessor SuessJ, by members of the staff of the Imperial Geo- 
logical Survey. § and especially by Baron von Richthofen in 
the latest of his papers||. This latter paper for the first time 
makes available for the use of geologists a comprehensive 
physiographic and geologic structural study of the country as 
a whole. Its importance warrants its complete translation into 
English. 

Edmund Naumann fixed a boundary line, his fossa magna, 
by which he separated north and south Japan. This boundary 
line runs in a NNW-SSE direction through the middle of the 
main island of Japan near its bend or *'elbow." This well 
recognized tectonic line figures in all later geological studies 
of the empire. Through north Japan, lying to the east of the 
tectonic line, runs Naumann's meridional chain carrying a 
great number of active and extinct volcanoes. Koto had 
already given the name Sachalin system to this median line 
because the range of volcanoes maintains the same direction as 
the islan-d of Sachalin further to the north. The physiographic 
divisions of Japan are thus concisely stated by Kotolf. 

A mere glance at the topographic map of Japan will lead one to 
suppose that Hon-shu is a gigantic arc with Hokkaido and Kiu-shu at 
the north and south ends as the homologous appendages; and the line 
of the Fuji-Ogasawara volcanoes pierces right through the. middle of 
main island. But, as geological knowledge accumulates little by little 

* Bdmund Naumann. Ueber den Ban tiod die Entatebtiiig der japaoiectacn 
Inaeln. Berlin, 1885. p. 91. 

t Tbyokitci Harada. Vrrsnch einer tektonisctaen Oiiedernnsr dcr japaniich- 
en Inseln. Tokyo, 1888, p. 23 and map. 

t Bduaiid Stiriis. Daa Antlitz der Brdc .Vol. ii, 1888, pp. 220-227; toI. Hi, 
1901, pp. 176-186. 

§ Ontltnea of the GeolOi^y of Japan. DencriptiTe text to accompany the 
geological map of the Bmpire on the scale of 1 : 1,000,000, compiled by the 
officials of the Imperial Geological Snrvey of Japan. Tokyo, 1902. 

i| Pkri>inand y. Richthopbn. Geomorphologische Stndien ans Oataiien. 
V. Gebirffskettnngen im japanischen Bogen. Sitznngsber. d. k. p. Akad. d. 
Wissensch. Berlin, vols, zxzviii-xl, 1903, pp. 892-91 2. 

^B. Koto. The scope of the Vulcanological SnrTey of Japan. Ptiblication 
No. 3 of the Barthqna|ce Investigation Committee in Foreign Languages. 
Tokyo, 1900, p. 15. 
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with time, our primitive notion comes to be largely modified; and, at 
present, we can say positively that north and south Japan differ in that 
the prevailing direction of the south is greatly influenced by the folding 
axes while that of the north is by the meridional ruptural lines. 

The external side of North Japan, in contrast to the regular suc- 
cession of geological formations of the south, consists of three tectonic 
blocks, — ^that of the Paleozoic Chichibu (Kwanto), of the Archaean 
Abukuma, and of the Mesozoic and Paleozoic Kitakami; and these are 
the gigantic cmstal clods that bound the Pacific sea-boarid, each form- 
ing a geological unit, and an independent upland region. The geo- 
graphical back-bone and the main water-shed of north Japan, lie, how- 
ever, westwards of the discontinuous ectoperipheral zone, and is main- 
ly built up of the quartz-bearing tuffytes of a Tertiary age. These 
remarkably constant pyroclastics constitute the foundation, through 
which the various andesitic lavas have welled out in post-Tertiary 
times in a nearly meridional direction, creating a long series of over- 
towering mighty cones. 

If we were asked what is the moth<ir-rock which supplied the ma- 
terial to the tuffytes, we can only say that it is the rhyolyte which had 
been poured out at the bottom of the Neogene sea, and whose deriva- 
tives, the tuffytes, had been deposited in so vast an extent as to serve 
for the foundation of nearly the whole of North Japan, excepting the 
three uplands, already mentioned." 

Below I translate with few and brief omissions the text of v. 
Richtofen's study of Japan above cited. 

* ♦ * The study of the latter island (Yezo) has lent a new aspect 
to the picture. For it has shown that from its northernmost point 
certain lines having their origin in the geological structure stretch 
out southeast wards into the sea through a southwardly directed di- 
vergence, without appearing again in the following islands. The west- 
ermost line of Sachalin is continued in the Hidaka or axial chain of 
Yezo, and runs likewise into the sea without recognizable continuation. 

We limit ourselves here to the three large islands of Japan proper; 
Hondu (or Honshu), Shikoku and Kiusiu, with their small insular be- 
longings, and the western section of Yezo with its numerous members. 
I, myself, have in the year 1871, when the permission to travel was 
rarely conferred and wns difficult to obtain, visited the environs of 
Fuji-yama and Fusi-yama itself, made a journey along the Nakasendo 
straits with certain side excursions*, and traveled over the island of 
Kiusiu. At that time the geology of the land was completely unknown. 

The knowledge derived from these journeys, of the structure of the 
formations concerned, and many of the more important stratigraphic 
relations, has become of use in understanding the latter representations 
and the geological map. 

By the comparison of the Japanese islands with the continental 
regions lying within the same longitudes; (Korea, Liao-tung, and north 
China) the striking difference makes itself apparent that upon the con- 
tinent the complex of Paleozoic formations has a plateau-like posi- 
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tion, while upon the islands it occurs only compressed into folds. In 
the former region it is many times broken into inclined orographic 
blocks, and there are not lacking individual folds and bendings of the 
beds; but first in the Tsin*ling range begin the southwardly and south- 
eastwardly directed compressions or foldings which have affected all 
Paleozoic formations alike and which continue in the structure of all 
southern China. This southern part of the continent offers therefore an 
analogy with Japan, and it is easy to conjecture that the section of the 
earth which borders the great continental plateau in the south finds its 
continuation in the Japanese islands. 

With the difference mentioned is connected a different kind of con- 
sideration. In north China the folded basement of all later deposits 
consists only of the Archaean formation; the superimposed cover lie- 
gins with thfi Cambrian. In the Japanese islands on the other hand 
the iones and regions included in the Archaeaji merit special consider- 
ation, but in the basement all Paleozoic deposits are included with equal 
right, and first in contrast with these are the transgressing deposits 
and extrusions of Mesozoic and Tertiary age which are to be consid- 
ered as a separate cover. 

For the comprehension of the morphology this separation is im- 
portant. I limit myself hence in the first place to the elucidation ci 
the structure of the covered basement and to the tectonic disturbances 
lyhich are recognizable in it, particularly with reference to the occur- 
rence of granite and other ancient deep-seated rocks associated with it 
Of little significance for the general structure are the transgressing 
IVfesozoic formations, of predominant importance on the other hand 
tiie tectonic deformations, and the Tertiary deposits which are con- 
nected with the phenomena of vulcanism. 

The present view of the structure of the Japanese islands may be 
briefly stated in outline. According to it the Japanese crescent or arc is 
a folded range of Alpine type separated into itwo parts by a Crdben 
depression, Naumann's well known fossa magna, A sharply drawn line, 
the "median line" runs through the arc in its entire length and sep- 
arates an inner zone corresponding to the core zone of the Alps marked 
by an abundance of granite, from an outer zone consisting of strongly 
folded Paleozoic sediments, in which locally also Mesozoic beds occur 
gently folded. In each of the two wings the two zones suffer by their 
approach to the fossa a bending back and there arises through it a kind 
of chain which reminds one of the Indian grouping (Scharung) and 
was compared with it by Harada, while Naumann first discovered the 
similarity of form but warned against the comparison. In north Japan 
the outer zone is formed by the ranges of Kitakami and Abukuma; 
their bending back occurs in the Kwanto range. 

If one investigates the islands according to the ptesem state of the 
detailed knowledge of them, certain essential lines which through their 
very simplicity corrupt the picture disappear, and with them disappeeirs 
the similarity with the well known representation of the mountain 
crescents of Alpine type. Involved problems intrude. I turn tc the 
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consideration in detail and fasten my attention upon ih« se(>anition \if 
th« native imperial geologists into north Japan aitd south Jdp»n, bjr 
which the boundary is placed in the fault cleft which limits the fosia 
magna on the west side. The results I have sought to enter upon the 
accompanying map. (See Plate XIV.) 

A. FUKDAMENTAL STRUCTURE Of NORTH JAPAN. 

On the east side of North Japan occur two elliptical naountam 
masses similar to each other in form but different from each other 
in many respects, which following Naumann's example are designated 
by the Japanese geologists as the Abukuma mountaiin region and the 
Kitakami mountain region. 

The Abukuma mountain region forms according to Koto, who 
has investigated the difficult structure with care, an acute rhomboidal 
horst-like mountain block extending from north to south 150 kiloiiieters 
in length, and 45 kilometers in average breadth. The undulating upper 
surface has a mean elevation of 400 meters, with an extreme elevation 
of 933 meters, and ascends gently toward the east from the longitudin- 
al valley bounding it upon the west ; and on the east side, 500 to 600 
meters high, it falls away quite steeply upon a coastal terrace two to 
four kilometers broad covered by the uniform Kara steppe, which in 
the basement consists of Tertiary sediments and is covered with 
ancient coastal debris of granite blocks, sand, and gravel. The sea 
is now at lower levels making an attack and eroding this terrace; 
hence the narrow strand is accompanied by low but steep cliffs. 
Through depressions on the west and east side the mountain body 
proper raises its gently undulating upper surface as a horst. Deeply 
incised cross valleys have brought about a transverse division of it. 

The entire mountain range consists according to Koto of Archaean 
rocks which fall into three divisions. The lower, designated Lauren- 
tian, consists of plutonic rocks which he has regarded as having become 
schistose partly through plastic and partly through rigid (firm) defor- 
mation. In the second, or Takanukl series, which consists essentially 
of gneissose mica, schists and titanite-bearing ampbfbole schists, two 
stages are distmguished of 5,000 to 5»50o meters thickness, while the 
uppermost divisioa Gozaischo series, shows essentially aimphibolytes and 
mica schists estimated at about 10,000 meters thickness. All strike 
directions are near the meridian, but always with a deviation toward 
the NW, hence in the mean about N by W. The same holds true for 
the numerous dike phenomena of ancient eruptive rocks and for the 
direction of the rectilinear meridional side of the rhomboid. Even if 
the numbers are considerably exaggerated it is yet clear that the Arch- 
aean formations are very heavy. It is, however, to be observed that the 
Japanese imperial geologists are inclined to identify the Gozaisho stage 
with their Sambagawa stage, wliich, to judge from its rocks, corre- 
sponds to the Wutai beds in China, that is to say, the Algonkian stage. 

As a closed mass the Abukuma mountain region reaches its north 
limit a short distance north of the 38th parallel of latitude. Approxi- 



Tectonic Geography of Eastern Asia. — Hobbs. aiQ 

mately 40 minutes of Utitqde farther to the northi but a coniplete 
degree of longitude further east the Kitakami mountain region b^iii^, 
Eomewhat longer, somewhat higher, and somewhat broader th^in the 
above mentioned, but of similar rhomboidal to elliptical form. It con- 
sists of Paleozoic sediments, whose age, as everywhere in Japan, is 
with the exception of the Carboniferous part indeterminable. Uhe 
strike directions of the internal structure are in general NNW^ to N by 
W, but in the southern part irregularities occur. Here a southwardly 
directed syncline of Trias and Jura appears ; at the point of the penin- 
sula formed by it occur also Paleozoic beds with S by W strike. Gran- 
ite and other ancient eruptive rpcks taki$ part in the m«ke-up of the Kit- 
akami. 

If the relations in age are here widely different from those of the 
Abukuma it is also true that differences are found in reference to the 
form of the coast line. In contrast to the broad Tertiary band and the 
even coast line of th< Abukuma is found in the Kitakami an unusually 
well developed Rias-like projection of the coast and the absence of the 
Tertiary on the coast side. There the evidence of negative transla- 
tion of the coast line, here the signi^cant marks of advancmg bay-like 
invasion of the sea into the valley outlets. 

The question of the contrasting relations of these two mountain 
masses is decisive for the conception of North Japan. When the as- 
signed differences in structure and constitution were still unknown, 
Naumann was able to arrive at the view that both masses wew aep- 
•arated members of a continuous zone, and that the ^tep-like pushing-out 
q( the ridges of the northern members eame about in such a manner 
that along a transverse line extending from Sado to Sends! a pushing 
out in an easterly direction of the entire northern part of North Japan 
in contrast to the southern had taken place. This conception deter- 
mined the drawing of his median line to the west ol both mountain 
masses, and this has, moreover, led up to the generally accepted view. 

Since Abukuma has been investigated Kitakami can no longer be 
considered as its continuation. Both masses are much more clearly 
fragments of two parallel but different zones in the basement vf the 
range, and particularly worthy of note because ancient intrusive rc-cks 
are rare in them and younger ones are almost entirely lacking. If we 
wish to search out the actual further course of both zones toward the 
north, following individually the strike direction of the fold struc- 
tures of each of the two masses, we must disregard rill later coverings 
by volcanic masses and Tertiary sediments. The places where the base- 
ment is exposed are indeed rare, but by the study of the geological map 
they are found to group themselves in two zones which run diagonally 
through North Japan in the direction N by N W to NNW. The di- 
recticn of the Abukuma zone is brought out by the continuation oi the 
parallel lines which limit the rhomboid of the Abukumi massif on the 
southwest and on the northeast, and which are followed also by the 
small ranges and the dikes of eruptive rocks in it. Wc come over the 
broad valley of the Abukuma river and find between the extended lines 
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the rare places where the gneiss comes up from beneath its cover. The 
zone reaches the west coast in the stretch in which lie th« cities Sakata 
and Akita. To the Kitakami zone on the other hand we must refer 
everything which lies in the extension of its strike direction and to the 
eastward of the Abukuma zone. We are thus led at once over the Kit- 
akami river. There appears still a small gneiss dome in the high Sen- 
nin-take (948 m.), which may form the boundary of the gneiss zone; 
but with this exception are found in the extension through all of Mutsu 
and beyond toward western Yezo only such formations as are referred 
to the Paleozoic group. 

Thus the Hidaka range (upon Yezo), Kitakami, and Abukuma ap- 
pear as three parallel zones of the core folded in post- Carboniferous 
time and striking between N by W and NNW. Their mutual connection 
cannot yet be made out. There are not lacking evidences of a separ- 
ation through strike faults; for the above drawn profile of Abukuma 
indicates that Kitakami is sunk away upon its east side, and likewise 
at the Hidaka range the. steep and short eastern descent in contrast to 
the gentle western slope is marked. But there enter also abnormal 
phenomena. For the strike of the Paleozoic sediments is in Mutsu 
(the northeastern part of Hondo) ENE, in western Yezo it is for the 
most part NE, but also ii^ part E lo** N. 

The investigations up to the present appear to give no satisfactory 
answer to the question where the southern continuation of the three 
zones lies. Hidaka strikes out toward the sea and breaks off; for Ki- 
takami the same holds true according to Jimbo's already mentioned 
representation. For Abukuma it is assumed that a turning back occurs 
toward the Kwanto rahge, where the WNW direction controls every- 
thing, and that the broad alluvial bay of Tokyo conceals the intermed- 
iate members. For a conclusion the following facts may be introduced : 
(i) In the Abukuma mountain region it holds, so far as may be learn- 
ed from the accessible writings, that the strike direction SSE to S by E. 
is the dominant one even to the southernmost part; (2) The Kwanto 
range does not consist of the Archaean gneisses of Abukuma but of 
Paleozoic sediments, and where on the northeast side a band of older 
phyllite occurs it is referred to the Algonkian Sambagawa beds; (3) 
In the extension of the Abukuma range to the S by E lie at the mouth 
of the Tonegawa the small hills of Tschocshi made firm land through 
its alluvial and coast deposits. Here occur Paleozoic sediments with 
SSE strike and one might see in them a last outlier of a member of the 
Abukuma zone; (4) On the other hand there arises to the west from 
southern Abukuma the N-S directed Yamiso-tsukuba hill country as- 
cending to a thousand meters which is built up essentially from Paleo- 
zoic rocks. In the north it strikes NW, in the south SW, and here it 
is in contact with eruptive masses metamorphosed to gneisses. These 
changing strike directions NW and SW are given also in the Etschigo 
mountains and throughout in the entire area which lies southwest from 
the Abukuma gneiss zone extended in our sense to the northward. It 
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is as if here in contrast to the former complex a regularity in bedding 
were not to be recognized. Only the Kwanto range appears to have 
an indeoendent position, for it has, as above! stated, a pronounced 
inner and outer side, and the Paleozoic sediments are arranged! in 
regular synclinal and anticlinal folds. 

It is clear from this that the 'median line' cannot be regarded as a 
separating line of two longitudinal zones of the fundamental complex. 
These have indeed a zonal arrangement but in quite a different sense: 
the zones are cut through diagonally by the line. Undoubtedly the 
latter has not only for commerce but also moxphologically a signifi-' 
cance, but its origin is the result of late tectonic movements regarding 
which and also the volcanic lines I will speak later* I turn first to the 
stnicture of south Japan. 

B. FUNDAMENTAL STRUCTURE OF SOUTH JAPAN. 

In the west part of Japan, for which the little adapted name 
South Japan has come into use, are two longitudinal zones distinctly 
recognized. Here is in fact even in the basement a separating median 
line at hand. It follows a narrow but distinctly indicated band of 
mica schist generally accompanied by a band of Flysch-Iike Cretaceous, 
which runs through Kii, Shikoku, and Kiusiu with varying breadth. It 
belongs to the southern zone and follows it westward there also where 
it is far removed from the northern zone, and a small apparently neu- 
tral region in the form of a triangle is wedged between the two zones 
with its very acute apex in the east. To the eastward where these zones 
border each other the above mentioned bending back to the northward 
is accomplished in the face of the great transverse fault along the Fuji 
line. 

The two zones offer in scenery and in structure noticeable differ- 
ences. Their relation to each other is one of the keys for the explana- 
tion of the problematical structure of Japan. We must therefore con- 
sider them in detail. 

The North Zone. This is separated into a western part as far as 
the narrow neck of land between the Wakasa gulf and the Owari bay, 
and an eastern part from there to the great cross fracture. To the 
first mentioned belong: Tschigoku (in somewhat extended sense), 
that is to say, the great western peninsula of Hondo which extended 
to the eastern shore of the Biwa lake is 510 kilometers in length ; the 
neck of the Kii peninsula to the mica schist band ; the eastern and mid- 
dle interior sea with its islands and the two northerni peninsulas of 
Tschigoku; in addition the northern projection of Kiusiu. The east- 
ern portion embraces in addition to a little region in the southeast 
the rest of the country between Biwa lake and the great cross fracture. 

In Tschigoku appear in the fundamental complex schistose and 
quartzitic sedimentary rocks which are regarded as Paleozoic. They 
strike in general parallel to the peninsula, that is about W to E and 
W by S to E by N. The rectilinear stretch of coast line facing Kor- 
ea directed from SW to NE from Yamatu, Iwami and Idsumo, is 
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^ stepp dii^gon»l fracture on whi(:h the beds with the abov^ mentioqed 
strike djs^ppegr, ^iid does not therefore indicate how one could con- 
jecture from the contours a bending of the internal structure or of 
the entire n^ount^in member. Far more character-giving than the sed- 
imentary rocks is widely distributed hill country of deeply decomposed 
granite which on the surface is disintegrated to gruss, which also 
composes almost without exception the islands of the interior sea and 
the northern peninsula of Tschigokq. To the eastward are inserted two 
bands of gneiss, on the border injected by granite, a broad one entirely 
in the south in connection with the band of mica schist, a narrow one 
in the north. Both include a middle band of Paleozoic sediments 
varying by |00 kilometers in its breadth* 

Beginning about at the 136th meridian there enters quite gradu^Uy 
a southeasterly convex bending in which all three bands take part. The 
gneiss band in the neck of the Kii peninsula, although according to the 
conception of thf Geological purvey divided into three meridional 
horsts, strikes first W to E apd turns then a little toward NE, The 
middle strip shows stilil in the vicinity of Gifu W-£ diraotion with 
local deviations. But in this aro found m^ny irregularities. 

To the east of tbe Owari bay the bending proeeeds rapidly, the 
strike in the southern gneiss band becomes N£, and west from the 
upper Tenriu-gawa N by E. Al>o the northern gneiss band belonging 
to the regions of Hida and Yetschiu shows in the stnkf) of its b^ds 
the same bending over NE to NNK This is i\e bending back of the 
north »Qne clearly recognised hy Naumann. 

Deviating from it is the occurrence of granittv To the traveler, 
as well aa to the one who glances at the geological m^p, the great rdlc 
which this rock plays, as well in the horizontal distribution as in the 
upward extension to great altitudes, is most striking within these east- 
em portions of the north zone. For granite plays the ^vincipal part 
in the composition of the migbty chains of the Kisso and Hida ranges. 
Both are directed to the NNE; but the latter bends in the. stretch in- 
dicated to the meridional direction through Otendjo-yama ("3185 m.), 
Tate-yama (2936 m.), and Renge-yama ^2934 m.). From t^e island 
Awadji the granite follows for the most part lines which do pot cor- 
respond with the strike direction of the fundamental complex, but in- 
tersect it and in a certain degree anticipate its bending. Tlie clVection 
NE is taken by the granite where the schists are still directed fr^m W 
tc E; and where the latter turn toward the NE and NNE the hiws of 
the granite have directions N, N by W, and NNW. The arrangement 
can be considered as an irregularly racial one in the arc which is con- 
vex to the SE. * ♦ * ♦ * 

Another phenomena may be referred to the str<?tching and con- 
sequent opening of the texture of the outer portions of the zone This 
is the dismembering which it has there suffered. It is in contia'^t 
with the simple coast line of the north side and the compre «ed 
struc'ure which distinguishes the Tamba plateau and 'th€ 
mountainous country of Mino-Hida. It is sutTicicnt to bear in niW 
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the inv^sigii of the sc^ in numerous bays, (ike the Owari bay, and the 
many bays , united in the interior sea, Seto-Utschi| or the m^tion^d 
dismemberment of the gneiss xone of the Kii peninsula into lour horsts, 
separated by meridional Gr<^b^n, All these phenomena belong exclu- 
sively to the outer portion of the north zone and t^minate sharply 
where they join the south zone. 

The South Zone. Th^ above mentioned arms of the sea are all 
sharply cut off in a line by the above named and even narrow band of 
steeply inclined mica schists, which were referred to the Sambargawa 
stage, accompanied as they are by a narrow band Off Flysph which runs 
through the islands Kiusiu, ShikokUi and Kii. Furrows of slight breadth 
are incised and serv^ the ocean as portals for connection with the wide 
bays of the north ?one ; they are kept open by powerful tidal currents. 
The south zone begins at these portals. It has already been shown huw 
this zone enters in considerable breadth from the west as the pre- 
sumptive continuation of the south Chinese piount»in country and con- 
sists of Paleozoic deposits belonging to th^ Japanese Chichibu system, 
which arc disposed in steep SW to N£ striking folds. The dominance 
of northwestern dip is indicative of compr^sion from th9 NW, I 
hav^ in the plaCr mentioned given to the still n^m^less range, th^ name 
Kuma range, after the Kuma river, and sketched it as a n^rly uni- 
formly high mountain country, difficult of access and deeply incised 
by meandering streams. It hs^s also been shown how the entire 9Qne 
inclusive of the mica schi^ has suffered gently bending and enters the 
island of Shikoku with £ to N£ strike, crosses it entirely and contin- 
uses toward the peninsula of Kii, by which the strike gradually changes 
injto W by S, E by N, and WE. On the way through Shikoku and Kii 
the compression of the structure increases with the closeness of the 
folding, and with it the altitude increases; the mountain country be- 
comes more difficultly accessible, more closed to travel, and is thinly 
populated; the valleys are more deeply intrenched; waterfalls occur in 
the meandering channels of the brooks. This .mountainous country of 
Kuma-Kii, as it may here be called, separated into individual fragments 
'but belonging together, stands in striking contrast with the landscapes 
of the north zone, which arc distinguished by rich variety of topography. 
For the comprehension of the morphology this separation is im- 
portant. I limit myself hence in the first place to the elucidation of the 
structure of the uncovered basement and to the tectonic disturbances 
which and, with the exception of the highly elevated eastern portion, by 
easy communications and great capacity for settlement, hence "by dense 
population and an abundance of cities. Upon the geological map, the 
contrast is marked in the concentration of granite in the north zone un- 
til almost upon the border, wher^ it is cut off and it is a rare occurrence 
in the mountainous country of Kuma-Kii ; likewise the broad band of 
gneiss of the north zone ends sharply upon the rectilinear border. The 
general map shows that the criteria of open structure which character- 
ize the southern part of the north zone, and in part the basins of the 
inland sea, and the gneiss horsts of Kii, never extend into the south 
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zone. The connections of the seas are made through gaps in it; but 
these have an entirely different character. The coasts within the south 
zone are in part of pronounced Rias-^ype, where the sea washes directly 
the transversa ends of the bedded rocks, and in part gently arched 
steep coasts which indicate falling in. Volcanoes are lacking with the 
exception of those in the Liukiu line. 

From the general morphologioai point of view, it is significant that 
the line of the mountainous country of Kuraa^Kii (which up to the 
Tmeigence from Kii has a length of 690 kilometers) is the unique ex' 
am/fle in the entire -system of arcs here coming under consideration^ of 
an arc which is convex to the ocean. With it is connectcKi the rare 
phenomenon that the compressive force has been directed from the con- 
vex toward the concave side of the arc. One can designate this as a 
reverse arc of compression. 

Continuation of the Tsinling Range in Japan. This result 
of finding a relation in the same sense and of the same kind 
in Japan and China is based upon the conception, already expressed, that 
Tschiugoku, with the ranges of the interior sea, is the continuation of 
the Chinese Tsinling range, which disappears suddenly at the Honan 
fracture. The comparison of the structure says nothing against it ; for 
in China also zones of gneiss alternate with those of Paleozoic beds, 
and post- Carboniferous granites play an important rdle. Both are 
alike the expressions of the important compression of the entire mount- 
ain mass toward the south. To the argument which Naumann derived 
for the compression of the Japanese range out of the northerly bending 
of the eastern end, is added that common to China of the arc-like com- 
pression of the ranges in the country to the south. The separation of 
the Japanese fragment from the Chinese by an interval of 16 deg. of 
longitude is indeed important; but on the one hand there appears to 
be present within the intervening space in the Hwai range a notable 
depressed fragment of the same range thrust still farther southwards and 
against the Tsinling range, and on the other hand, the interior region 
is one of very deep-seated tectonic disturbances. It cannot be assumed 
that such a mighty framework in the structure of the earth's crust 
as the Tsinling range with its western continuations in central A^a 
from the time of its formation on, has come to so sudden an end ; it is 
far more probable that it has had a still further continuation in the 
direction of the present Pacific ocean. Here in Japan it comes once 
more to the surface with somewhat altered direction, after which, then, 
in the vicinity of the most extensive of the present extreme depressions 
of the oceanic basin, it seems to come actually to an end. This gives 
to the study of the structure of Japan increased interest. 

The Nagasaki Triangle. If the view here introduced is correct 
that only the northwestern pDrt of Kiusiu, with the granite mountain 
country of Sefuri (1030 m.), belongs to the north zone, there remains 
between this and the south zone a triangular area which is bounded on 
the north side by an E-W line (Matsuyama-Kuruma-Imari) and on the 
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south by the connecting line Matsiiyama-Yatsuschiro. The apex in 
Matsuyama lies opposite the stretch of coast between Imari and Yat- 
suschiro as base with unique v*ariety oi its lines and the types of its 
landscapes, in which Nagasaki is the place generally best known. As 

has already been stated, a basement visible only in few places, owing 
to erosion and subsequent deposition, consist-s here of probably Ar- 
chaean schists, among them mica schist ; and rock otherwise almost for- 
eign to the north zone, is very widely developed along with gneiss, 
while granite occurs only in subordinate amount. Harada considered 
this region as a continuation of the lower zone, which belongs to the 
interior sea. In that case, it would be a portion of the north zofie, 
and it would be necessary to assume that this suffers a deflection 
toward the SW. The interior strike of the beds must then show this 
deflection in western Tschiugoku;, but I have found no observation 
which would confirm this. The position of the intermediate members 
must, therefore, still remain uncertain. 

For this space the great development of volcanoes is character- 
istic. Aso-yama, Unsen-yama, Tara-dake, and others, whose activity 
in part still remains, have covered the land over a wide extent with lava 
and ash. 

"The Akaischi Range. The remarkable position of this high and 
for the most part massive mountain block was first recognized by 
Naumann; further investigations have confirmed his view. The fold 
axes of the Kuma-Kii, and its accompanying band of mica schist, run 
from the peninsula of Kii ox^cr the entrance of thei Owari (or Ise) bays, 
toward the lower course of Tenriu-gawa. Here begins a peculiar line, 
directed toward the Suwa lake, drawn to the eastward of the middle, 
and upper course of the last mentioned river and parallel to it, which 
marks the line orographically and tectonically. It follows sharply for 
85 kilometers the direction .N 18 deg. £ and turns besrond the pass 
Jirp-Togc in a further stretch of 43 kilometers, in a dirdction N 10 deg. 
E. Along it runs a furrow, distinguished by short rectangular water 
courses, breaking through westward to the Tenriu-gawa, several passes, 
and numerous villages. It separates gneiss with granite in the west, 
from Paleozoic mountains with bands of .mica schist on the east. There 
the north zone is sharply bent to the NNE and N by E ; here a similarly 
deflected mountain fragment which all observers including Naumann 
have recognized as a fragment of the south zone, that is to say, of the 
Kuma-Kii range. Naumann has called it the Akaischi sphenoid. This 
mountain block has much compressed stnicture, reaches in Akaischi 
and Schirane altitudes of 3,093 and 3,150 meters, and has a meridional 
extension of no to 130 kilometers, with a medium breadth of 40 kilo- 
meters. 

It shows that there where the north zone has suffered the strongest 
deflection of its crest through its compression toward the south, an 
opening of the correspondingly bent Kuma-Kii range has occurred in 
places until it has disappeared, and an almost detached fragment of it 
has been thrust in the meridional direction. If one regards the region 
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of the Suwa lake as the fulcrum in the turning of this Akatschi mount- 
ain block, then it is easy to surmise that the connecting line between it 
end Yatsuschiro in Kiusiu is in accord as a likewise scarcely moved 
point approximating to the original course of the north border of the 
south 70ne. It rqns somewhat south of Matsu-yama, touches Kioto, 
and has the direction of the average sinian strike. If one compares with 
it the present position of th^ band of mica schist, one derives from it 
approximately the amount of deformation that has occurred. 

(To be continued.) 
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THE UNTENABLENE88 OP THE NEBULAR 

THEORY- 

By N. M»TOCK|.p«, Uiniifap^llp. lli«o. 

I. 

"There was oqce a time when the earth was distended on ^11 sides 
away out to the moon and beyond it, so that the matter now contained 
in the mopp was then a part of our equatorial zone. And at a still 
remoter date in the past, the mass of the suq was diffused in every di- 
rection beyond the orbit pf Neptune, aqd no planet had any individual 
existence, for all were indistinguishable parts of the solar mass. At the 
period where the question is taken up by Laplace's treatment of the 
nehular theory, \\\t shape of this mass is regarded as spheroidal.** (John 
Fiske, The Unseen World, p. 7.) 

To readers, who are interested in cosmogony and who 
have acquainted themselves with the w^orks of Kant, Laplace, 
Herbert Spencer, and John Fiske, it may, perhaps, seem like 
lost labor trying; to find flaws in and pronounce untenable, a 
theory which was advanced by the two former and, on the 
whole, accepted and defended by the two latter. Still, every- 
one must admit, that a theory, which pretends to explain any 
natural phenomenon, but leaves both its essence and qualities in 
general unexplained, is highly unsatisfactory^ and not to be de- 
pended upon. The nebular theor>'* can, consequently, not com- 
mand belief so long as the phenomena and natural forces, 
which it has taken upon itself to interpret, practically remain a 
mystery. This failure on the part of that theory proves it 
conclusively to be erroneous. Xor is there any risk in asserting 

^ _ ■[■■mi -— —--■■- ___ . 

•The term Nebular Theory is, in this treatise, considered more proper .than 
Nebular Hypothesis, and is treated as an elaborated theory, which the well* 
known Nebular Hypothesis is in the full raeanini? of the word. The Nebular 
Hypothesis is also often spoken of as a theory, eTcn by authorities, and among 
others John Fiske has accepted it as such, which is shown in the quotation 
given above. 
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that errors may be found where we know beforehand that they 
exist. 

We gladly admit, however, that our sincere thanks are 
due the modern philosophers for so insistently recommending 
the study and application of the science of logic ; and for their 
telling* us, that we can never gain a clear and comprehensive 
understanding of any subject except by means of Ic^cal 
thinking and harmonious and consistent reasoning. "Logic," 
says Johrt t^iske, "is to the scientific investigator what the law 
of proof is to the lawyer." 

This is true, and it is, furthermore, of vital importance for 
our discussion of the theory in question. But logic alone is 
not sufficient. Let us, therefore, before we take up the prob- 
lems before us, add a few observations concerning certain 
rules, which every student of natural laws and forces must 
recognize and observe. 

However important and indispensable logfic is to a scientific 
investigator, it can, nevertheless, serve only as a valuable as- 
sistant under certain conditions. As one of these conditions, 
may be mentioned a thorough and complete knowledge of the 
starting point from which one, by means of induction, seeks 
the solution oi a problem. No matter how logically one may 
reason, if the first conclusion regarding the condition, essence 
or genesis of a thing is wrong, every subsequent coilduslon, 
based on the first, will lead from error to error ad infinitum. 
It is the noii-observance of this fact, as we shall show later, 
that has led the natural scientists to commit their greatest er- 
rors. They have been logical to the tips of their fingers, but, 
in many instances, totally blind as to the proper conditions for 
the use of logic. Thus we often find, that no distinction is 
made between a philosophical and a mathematical problem ; and 
we are told at times, that this or that scientist has solved 
mathematically a much discussed problem in spite of the fact 
that that same problem does not admit of a mathematical solu- 
tion. A philosophical problem cannot be solved by mathemat- 
ics; for mathematics can give us a trustworthy result only 
when all the elements and parts of the subject are distin- 
guished and understood in all their details. The cubic contents 
of a hill and its elevation above the sea level, for instance, is 
a geometrical and, hence, a mathematical problem; but the 
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genesis and formation of that same hill is a philosophical and 
geological problem which cannot be solved by computation. 
Consequently, when we are told that a philosophical problem 
has been mathematically solved, as for instance, when G. H. 
Darwin "proves" bv mathematics that the moon almost touched 
the earth's surface some 50 or 100 million years ago, and that 
it revolved around the earth in about four days, then we must 
remember, that such speculation is simply an illusion. To 
give a rational solution of such a problem lies wholly outside 
the province of mathematics as we shall show more clearly 
in §13, when we come to speak of the true origin of the plan- 
ets. 

Next to and in connection with a clear understanding and 
a correct conception of the starting point, all sound inductive 
reasoning requires an equally thorough knowledge of all com- 
plications and conditions that may arise later in the course 
of reasoning ; for logic, we must remember, can serve only as 
an aid or means, like a horse or a ship, which goes wherever 
we guide it. A navigator, for example, who sails from Xew 
York, bound for Liverpool, but lands in Porto Rico, gains 
little by claiming that Porto. Rico or any part thereof is Liver- 
pool, because the ship brought him there. Thus it is also with 
the mathematician and the philosopher. The result gained is 
not a sufficient s^uarantee for the correctness of their reason- 
ing; because where due attention is not paid to nature and 
tHose of its laws that bear wpon the problem, the result might 
so easily be "Porto Rico" instead of ''Liverpool." 

Now, therefore, it is clear that one, who attempts to ex- 
plain the origin of the solar system by means of the nebular 
thcor)', must necessarily, in the first place, have a correct con- 
ception of the principal forces involved in his theory as a con- 
dition for a correct understanding of the genesis or origin of 
the heavenly bodies, this to sers-e as a starting pcnnt on the 
basis of which he afterwards, by the aid of logic, tries to ex- 
plain the nature and inner relations of the whole svstem. 

Let us, then, remember this as we now proceed to the dis- 
cussion of the nebular theory-; and let us remember alsoi, that 
it is our duty to satisfy all reasonable demands which the prin- 
ciples we have laid down, make upon us as we proceed, step 
by step. 
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2. The nebular theory, as elaborated by Laplace, and 
before him presented in several of its main features by Im- 
manuel Kant is, in brief, as follows : 

All the heavenly bodies, large and small, which compose 
the entire present solar system, have originated from a com- 
mon, vast nebula. This nebula was spherical in form and filled 
space as far as to the orbit of the most distant planet. The mass 
composing this nebula contracted towards the center; by 
this contraction, rotation and heat were generated. As the 
contraction and consequent condensation went on, the rotation 
increased, which again caused an expansion in the equatorial 
region and depressions at the poles. On account of the rapid 
rotation the centrifugal force finally increased tosuch a degree 
that it overcame the force of contraction. This, again, caused 
the separation of a portion of the nebula at the equator, which 
portion continued to revolve around the nebular mother in 
the form of a ring. This operation reoccurred as often as the 
rotation increased to such a degree, that the centrifugal force 
overcame the centripetal or inward tending force. Thus one 
ring after another was formed ; and in time these rings broke, 
contracted, and formed themselves into individual nebulae, all 
rotating and revolving around the common center of gravity. 
These new bodies, in their turn, threw off rings, which, like 
tfie former, became spherical nebulae. The former became the 
planets ; the latter the moons of the planets, while the original 
and constanitly contracting nebula — ^finally forming into a mass 
of glowing lava — ^became the Sun and center of the system. 

The cause which led to the construction of and subsequent 
adherence to the nebular theory, was the wonderful symmetry 
of the solar system. The advocates of this theory noticed that 
the planets revolve in analogous orbits around the equator of 
the Sun whose plane of rotation thus becomes identical with 
the orbits of the planets. They found also, that the same rela- 
tions exist between the planets and their moons, so that the 
mocttis revolve around the equator of the planets, and that the 
plane of the planet's rotation thus coincides with the orbits of 
the moons, or nearly so. The object of the nebular theory, 
thus, is to explain how the whole solar system was originally 
formed and put in motion, and how the order and motion of 
its various parts have since been retained and preserved. The 



2i6 The AmericaH Gtologia, October, 1904. 

adhcreiltd of that theory have not, however, been able to find 
anv sufficient cause for the rotatiort Of the nebula. This is 
important ; for the nebula must of rieccssity rotate in order to 
form and throw otf rings. They supposed that this cause 
could rtot possibly be any other than the contraction of the 
nebular ttltiss, which was taken for granted dnd assumed to be 
a fadt. 

Herbert Spencer and J6hn Fiske have dwelt with great de* 
light oh this point and claimed that nothing can be imagined 
niore clearly proven and demonstrated. They have pointed 
out, that according to the theory in question the planets Jupiter 
and Saturn must rotate very rapidly on account of their vast 
mass and powerful gravity- and which they think the obser- 
vations prove to be true. They have pointed out further, that 
said planets must for the same reason have thrown off many 
rings, and, consequently, have many moorts, which the obser- 
vations also prove to be correct. This view is, therefore, in 
the words of Herbert Spencer, incontrovertible. 

W^ shall now take up these premises and conclusions one 
by one and see whether we can not derive these same phe- 
nomena from other sources. Perhaps we may find some other 
methods than those tnentioned above, by means of which we 
rrtay be able to explain why the planets move In orbits analo- 
gous to the plane of the solar equator ; and likewise we may 
detect another cause for the corresponding state of things In 
regard t6 the moons and planets; and hence we may possibly 
discover another manner than that set forth in the nebular 
theory, in which the moohs have come to the planets. 

The last mentioned of these investigations we cannot un- 
dertake immediately, however, as that would carry us too far 
from our main subject at present. Let us rather begin with 
the fundamental point in the theory, the starting point, and 
return to the numerous details later on. 

§3. The nebula, then must have rotated: and there is no 
reason to doubt that it did. But let us remember that the 
vital point rieht here is to determine ichat caused the rotation. 
The importance of this point is further emphasized by the fact 
that the same force must later on serve as the motive power for 
the rotation of all the bodies formed from the original nebula. 



Nebular Theory, — Mistockles. 231 

How the rotation of a nebula is caused by the contraction 
and condensation of its mass, can, according to Herbert Spen- 
cer, be explained in the following* manner : 

"Each portion of such vapor-like matter must begin to 
move toward the common center of gravity. The tractive 
forces which would of themselves carry it in a straight line to 
the center of gravity are opposed by the resistant forces of the 
medium through which it is drawn. The direction of move- 
ment must be the resultant of these — a resultant which, in 
consequence of the unsymmetrical form of the flocculus, must 
be a curve directed, not to the center of gravity, but toward one 
side of it. And it may be readily shown that in an aggrega- 
tion of such flocculi, severally thus moving, there must, by com- 
position of forces, eventually result a rotation of the whole 
nebula in one direction." (First Principles, p. 198, §76.) 

To a merely casual observer this may, perhaps, seem rea- 
sonable and many may consider it tolerably satisfactory. Let 
us not, however, be satisfied with this superficial probability, 
but analyze the statement and thus determine to what an ex- 
tent it is reasonable. 

It assumes that it is the force of gravity which first set 
the matter in motion and which afterwards continued to cause 
this motion or rotation. As the nebulous mass contracts and 
condenses, the attrajcted parts meet resistant forces in a sup- 
posed medium through which tliey must pass, the result of 
which is a curved motion to one side instead of a motion in a 
straight line towards the center. 

Here we notice at once a most remarkable circumstance, 
which has been left unexplained, but which nevertheless, is of 
great importance, namely, that the medium through which the 
attracted parts must pass does not move in consequence of the 
vapor-like or gaseous condition of the nebula. Why does not 
this medium move together with the vapor, sinking towards the 
center ? 

This medium cannot be supposed to oflFer a resistance simi- 
lar to the resistance oflfered by atmospheric air to objects pass- 
ing through it, for the nebula itself, according to Laplace, was 
thin as air long after the rotation commenced. To suppose 
such a resisting medium in the nebular matter in that stage 
of evolution, would be the same as to suppose that air in 
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motion would meet within itself a resisting force which would 
change the direction of the motion. Such a supposition would 
be contrary to both nature and reason, and still the rotation of 
the primeval nebula of the solar system as the theorists have 
imagined it, depended upon just such supposed conditions ; and 
hence we find that the very starting point of the theory rests 
on a rather shakv foundation. 

We notice, next, a point of equal importance, namely, that 
the strength of the resisting force, supposing that it exists, 
would be proportional to the velocity with which the attracted 
matter passes towards the center; and further, that this veloci- 
ty would be entirely too small to create the necessary resis- 
tance ! This presents a new difficulty and raises a new doubt ; 
if the condensation of the matter, in the condition of a nebula 
at such a stage, is not sufficiently rapid to create the necessary 
resistance, then its rotation would thereby be prevented. 

Let us accept the assumption, however, that the contracting 
matter meets a resisting force and that the condensation is 
rapid enough to cause a resistance strong enough to change 
the cour?e of the contracting matter, and see if that puts us in 
a better position to accept the theory, or, in other words, if it 
then will l^e natural to suppose that this change in motion 
be from a straight to a curved line, to one side of the center 
more than to the other. 

When we speak of a nebula whose matter is condensing, we 
claim at the same time, that the force of condensation and the 
force of resistance are identical in all directions to and from 
the common center of gravity, whereby any motion towards 
one side becomes just as possible or impossible as a motion to- 
wards the other side. From this we must conclude, that ro- 
tation cannot possibly be caused in that manner. If in spite of 
this, we hold on to the supposition claiming that the nebula 
rotates around its center by virtue of the force of gravity, 
then we must at all events admit, that the rotary motion could 
take place in a plane in one direction as well as in another, 
since the attractive force is the same in all directions. The ro- 
tation should, then, according to the theory of this generative, 
rotary force, have exactly the same cause to go from south to 
north, from north to south, from east to west as from west to 
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east. We would expect that Herbert Spencer and other phi- 
losophers should have understood this! 

Here we may safely conclude that the rotation of a nebula 
cannot be caused in the manner that this theory claims ; still it 
may be interesting tg consider, in this connection, some of the 
other consequences resulting from that hypothesis. 

The ethereal matter, as we may most properly call it, 
through which the nebular stuff, attracted towards the center, 
must pass, and the resistance developed by this motion, must 
necessarily be the same, no matter in what direction the motion 
takes place, since it is the motion itself which creates the re- 
sistance. A motion towards the side of the center must, there- 
fore, meet the same resistance as the one moving straight to- 
wards the center. Since the resistance, thus, will be the same, 
no matter in what direction the nebular stuff is moving, we are 
forced to conclude, that its motion in any other direction than 
that determined by the law of gravity, is as impossible as for 
water to run up hill. 

We shall find, further, if we accept the hypothesis in ques- 
tion, that the resistance which was a consequence of the con- 
traction and sinking of the matter, was coexisting only with 
the medium which caused it. Now, then, if we direct our at- 
tention to fully condensed and encrusted bodies, as for ex- 
ample the earth, we cannot escape the impression that here, at 
least, the above mentioned medium must long: agfo have ceased 
to exist as a means of resistance to the contracting matter ; for 
the contraction has practically stopped. In regard to the 
Earth, we can, consequently, not speak of any rotation of mat- 
ter around the center; hence the Earth itself should not rotate, 
but it does rotate, nevertheless, and with a speed of about 17 
miles a minute. 

In the discussion of this theory, to which many of the 
astronomers still cling, it is also of great importance to call 
attention to the fact, that planets of about the same size ought 
to rotate with about the same velocity, with this difference, that 
a younger one ought to rotate faster than an older one, and that 
the Sun, which, it is claimed, is still a glowing mass, should 
rotate faster than any of tlie planets. Venus, which, accor 1- 
ing to the nebular hypothesis, is younger than the Earth, 
should, consequently, surpass this body in the rapidity of its 
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rotation. But it is now admitted the world over and especi- 
ally verified by Schiaparelli's observations, that Venus is prac- 
tically devoid of rotation, turning on its axis only cmce in every 
anomalistic period, 224 days. 

This is another rock in the seaway of the nebular theory 
which cannot be gotten past. According to this hypothesis, 
we have a right to assume, that the same processes which are 
going on in the interior of the Earth, are operating, at least 
in a comparative degree, in Venus also; and if the contraction 
has originated and sustained the Earth's rotation, then Venus 
also ought to rotate, but it does not. 

If we, however, should persist in the supposition that Jupi- 
ter's violent rotation is caused by an interior powerful rush 
of tnattcr around its center on account of its eififantic size, what 
should we then believe and say about the Sun, which is 1000 
times larger than Juniter and in a state of far more intense 
heat, and still it swings around on its axis only once for every 
60 of Jupiter's rotations? 

It is clearly evident from first to last, that contraction or 
condensation has absolutely nothing to do with rotation and 
that the theory, which claims that it has, is without foundation 
in all of its premises. It follows likewise, that the conclusion, 
that the rapid rotation and numerous moons of Jupiter and 
Saturn should prove that the rotation is caused by the con- 
traction and heat of the matter, is erroneous and false. 

Further on we shall show what the real causes are for the 
intense rotation and numerous moons of the mentioned planets, 
and our proofs shall be clear and convincing to all. But before 
we do this, other matters claim our attention. Our final obser- 
vation upon the subject, so far as it has now been discussed, 
is, that the reason put forth as to the cause of the rotation of 
the heavenly bodies, is, to say the least, meaningless. 

§4. Let us now turn from the discussion of the nebula's 
rotation and its other qualities, which we have touched upon, 
and pay attention to another proposition, namely : Is it natur- 
al and reasonable to suppose, that such a nebula, as the nebular 
hypothesis proposes, ever existed in reality? We may suppose 
that Neptune is the most distant planet in the solar system, 
^nd the size of the original nebula was determined bv the orbit 
oJ this planet. Out of this originally spherical misty mass the 
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Sun and the planets are said to have been formed. Conse- 
quently the solar system in its present state represents the mat- 
ter which composed the original nebula. If we, then, should 
find by thorough investigation, that the Sun and the plan- 
ets together contain, say about only half of the matter which 
the original nebula contained, then the theoretical supposition 
would be a miserable failure. The question is: What was the 
density of the nebular matter ? In order to clear this point, we 
must know the size and cubic contents of the nebula and there- 
by its weight; and then compare this weight with the weight' 
of the Sun and the planets together, which is known. 

In the first place, then, it seems proper for us to inquire 
whether, if the Sun and planets were dissolved into atoms 
and spread out evenly in a space having a diameter of 5000 
million miles it would constitute a mass dense enough to be 
heated by the friction of its own matter and having depres- 
sions at the poles and expansion at the equator, together with 
an immense centrifugal force, sufficient to throw off rings? 

Francis P. Leavenworth, professor of astronomy in the Uni 
versity of Minnesota, told me, that one of his students had 
worked on this problem and figured out, that if our solar sys- 
tem were dissolved into atoms and spread out evenly in a 
comparatively spherical space, filling the orbit of Xeptune, these 
atoms would he hovering about, separated from one another 
by large distances. Professor Leavenworth himself said that 
this was no doubt correct. Hut if that is so, which it evidently 
is, what, then, becomes of the attribute, which the theorists 
have ascribed to this misty mass, which would be no mist, but 
rarer than high mountain air? It follows, also, that it would 
have neither equator nor poles, neither rotation nor centrifugal 
force, and far less would it throw off any rings! 

We n()tice at once, that the assumption with regard to the 
size of the nebula is just as erroneous as we have before found 
the assumption with regard to its rotation. Let us, however, at 
this point, consider the nebula from another point of view. 

As a consequence of the attributes ascribed to it, such as 
heat, centrifugal force, expanded equator, and flattened poles, 
it ought to have possessed a considerable density. Let us sup- 
pose, however, that it had the density of common air only, a 
supposition which every one must admit to be fair. In order 
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to find the weight of its mass, we must find its cubic contents 
and then multiply that by the weight of air, which is 815 
times less than that of water. 

We have already stated, that when the planet Neptune was 
formed, the size of the nebula must have been limited bv his 
orbit. Now, since the diameter of Neptune's orbit is 5528 
million English miles, that must also have been the diameter 
of the nebula at that time. It is difficult to determine ac- 
curately the polar depressions, which are said to have been 
considerable, as we have already noticed. We have hardly any 
reason to suppose, however, that the depression at both poles 
was greater than one third of the equatorial diameter. But if 
it were possible to suppose these depressions to be larger, let 
us, for safety's sake, square off the curvature on all sides of 
the nebula and assume its mass to be equal to that contained 
by a cube whose sides were only 3,500 million miles. This 
figure must then be multiplied by itself and the product of 
3,500 million in order to find the quantity we seek in cubic 
miles. 

The product which is to be multiplied by 3,500 million w*e 
find to be 12 quintillions and 250 quadrillions and this sum 
multiplied by 3,500 million gives 40 octillions, and 875 septill- 
ions, which represents the contents of the nebula in cubic 
miles. 

In order to make tliis immense number a little more con- 
ceivable, let us remark, that one such cubic mik? contains 254,- 
358,o<.> 1, 056,000 cubic inches, and that the Earth contains 260,- 
000.000.000 cubic miles, which makes <x> septillion cubic inches. 
The nebula would, consequently, contain Oio times as many 
cubic miles as the Earth contains cubic inclx^s. 

Nc^w. since air is 815 tiir.es lighter than water, and a cubic 
mi!e cf water weighs 410 million tons, then a cubic mile of air 
must woii^h Si^ limes loss, or ^0^.0^7 tons. In order to find 
the weigh: of the nobtilar tv.a<>, we must then multiply its 
nr.Tt'bcr ex cv^'w tr.ilcs ^^v ::o^.l^ 7. 

ri:is mi:lt:r'.:oat:on Vr:::gs v.s to t::v higr.ost p-rwer of -nota- 
titr: J! vUoi'/.ion r.t'vi ncar!v ^'>i n::::!!: n toiis. The com- 
b-r.Ovi wcig'.t: 01 t:.e Sitii ar.v! t!:c r':\T''At<. ace- rviir.g to modem 
a>tr.r.;:::v. :< j vX^t: ';•: a!^.d iS sc: ::.'.: r. t:n>. Hence the 
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surprising result: The nebula outweighed the whole solar 
system ten million times! 

We are, indeed, forced to admit that such a nebula could 
not possibly have existed, and that the solar system must have 
had a different origin than that accepted by the theory under 
consideration. 

§5. If we should assume the existence of such a misty 
body, rotating rapidly and possessing immense centrifugal 
force, it becomes a matter of importance to pay particular at- 
tention to the peculiar circumstance, that the centrifugal force 
separated the equatorial belt of the rotating sphere in the form 
of colossal rings. 

We have already noticed, that the theorists claim as a rea- 
son and law for this peculiarity, that the nebula rotated by 
virtue of the contraction of its matter and that it threw off 
rings whenever the centrifugal force exceeded the centripetal, 
or the force tending towards the center. Contraction or the 
downward pressure, is, as we all know, occasioned by the force 
of gravity. Now, when a centrifugal force is assumed, w-hich 
overcomes the centripetal or — which amounts to the same thing 
— the force of gravity, then the question arises: By w^hat 
means did the nebula rotate during the periods when that force 
was overcome or neutralized, which according to the first as- 
sumption was the cause of the rotation and the origin and 
support of the centrifugal force? 

Here is torn down with one hand what is built up with 
the other. If it is claimed, that the centripetal force or the 
consequences thereof, causes the rotation, then it is thereby 
denied that the resulting centrifugal force can neutralize 'the 
centripetal; for then it would also neutralize the rotation and 
the centrifugal force itself. If, on the other hand, it is 
claimed that the centrifugal force can neutralize the centri- 
petal, then the same assertion overthrows the theory about 
the origin of the centrifugal force. 

When we thus find that the hypothesis offered as an ex- 
planation of the rotation overthrows the hypothesis advanced 
as an explanation of the formation of the rings, and, like- 
wise, the Lttcr to overthrow the former, then it is also evi- 
dent, that the theory, de])ending upon the harmony between 
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these hypotheses, finds itself in a dilemma, from which it 
cannot extricate itself. 

§6. From the theory that rings were formed every time 
the centrifugal force overcame the centripetal, it follows, that 
the rotation which created the centrifugal force, was oscillat- 
ing since the centrifugal force itself was varying and irregular. 
When the same theory further advocates that the rotation is 
a result of the contraction which, again, is a result of gravita- 
tion, then the gravitation itself must have been oscillating, 
that is, increased and decreased alternately, since all its re- 
sults were oscillating. At the same time it is held, that the 
force of gravity in a certain mass is fixed and unchangeable. 
It follows, consequently, that neither the gravity nor the ro- 
tation, caused by said natural force, could be oscillating, from 
which follows further, that the centrifugal force neither can 
be nor has been oscillating. The theory about the formation 
of rings is, thus, al^o at this point, absurd in the extreme, 
since it assumes said formation to be possible, only by sup- 
posing a variable rotation, due to a variable gravity of the 
nebular mass. 

We find, thus, that what is said in one sentence is con- 
tradicted in the next. 

§7. We have already shown, that the rotation of a nebu- 
la is independent of the ctnulonsation of its matter and the 
resistance with which this meets. A new question arises, 
therefore, in connection with this very subject, namely this; 
Would it be in harmony with the laws of nature to suppose 
that the centrifugal force, Icavinc^ out oi question how the 
rotation was caused, could have expanded the etpiator of the 
nebula so as to rid it of thcise rincrs? 

Let us call particular attention to the fact, that even if 
the rotation of a heavenly Ixnly be assumed with a speed so 
treniendous as to satisfy any hypothesis-maker, say a thou- 
sand niik's a scC(Mul or so. tliere would even then be no detach- 
ment of matter from the rotatiiur boilv, because of the fact, 
that the natural result oi such a rotation would be an expan- 
sion and solution of the whole n^ass iiuo a i^aseous state with 
every particle o\ nialter ooiuimially subiecteu* in an equal 
decree, to the central force of c:ravitv oi the rotating: mass. 
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It matters not, then, in what way a reaction in the move- 
ment of rotation would be caused. The simultaneous contrac- 
tion of the nebular matter, as the rotation decreased, would, 
in consequence of the fact that the force of gravity acted 
alike upon every component part of the gaseous body, be the 
same for every part and particle, and proportional to the 
weakening of the centrifugal force. 

In a heavenly body, the centripetal force is its spirit of 
gravity and its power of cohesion. The centrifugal force, on 
the other hand, is a mechanical result of th€ rotation of the 
same body. Hence, since the first is the cause or ground of 
the second, it follows, that the second cannot suspend the first 
either for a short or a longer period. To say that the centrifu- 
gal force, under these conditions, would be able to throw off 
rings from the nebula, is identical with saying that a man 
could stretch out his arm with such force that it would be 
severed from his body. In both cases, the fact is overlooked, 
that the mechanical and outward working power is dependent 
on the body's power of cohesion. 

But even if, at this point, we would close our eyes to the 
fact that a magnetic attraction cannot be suspended or re- 
duced by a mechanical power, we must at least admit, that 
the influence of the centrifugal force in the interior, of the 
Earth, where it operates against the centripetal force, cannot 
be subjected to experiments or artificial presentations. Its in- 
fluence cannot be demonstrated in any other way than to pre- 
sent it as co-operating with the centripetal force, which is im- 
possible since everything on the earth's surface is. dependent on 
the earth's attraction, from which follows that an artificial 
center of gravity, as a condition for the centripetal force, can- 
not be made. 

It is said that physicists have demonstrated by means of 
experiments, that a rotating nebula must develop and throw off 
rings, and hence that the assumption accepted and defended by 
the believers in the nebular theorv is in accordance with the 
laws of nature. Xow this reasoning is not quite scientific. 
Any one, and especially a philosopher, ought to understand, 
that a demonstration of that kind demands that such an artifi- 
cially constructed nebula must possess a center of gravity and 
centrijit'tal force in -order to indicate by its rotation and cen- 
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trifugal mechanism the real nature and qualities of a cosmic 
nebula. 

When these theorists, nevertheless, claim that they can 
demonstrate the nature and centrifugal force of a real nebula 
by means of an artificial nebula, which lacks centripetal force 
and cohesive power, then we are forced to shake our heads ; the 
whole device is overwhelmingly ridiculous. 

§8. It is evident that Laplace thought of Satum^s rings 
in developing his theory about the solar system. He looked* 
upon these rings as equatorial formations caused by the cen- 
trifugal force and on the way to make a moon or moons, and 
also that the already existing moons of this system had been 
formed in the same manner from rings thrown off long ago. 
He believes, thus, that the planets themselves had at some dis- 
tant time been formed from rings of a nebula ; and that Saturn 
tells, as it were, the story of the creation of the solar system. 

Since this planet played so important a part in Laplace's in- 
vestigations, as well as in the speculations of the adherents and 
defenders of his theory, it may be well to take up that matter 
in particular right here and investigate it a little closer. 

We notice, then, first of all, that no other explanation of 
the origin of Saturn's rings, except the one offered by the 
nebular theory has been generally accepted. Further, that if 
some other explanation can be made acceptable, that will also 
necessitate some other explanation of the origin of Saturn's 
moons, and likewise of the planets, the result of which will be 
the overthrow of the original theory also at this point. 

If a nebula be imagined to throw off rings by virtue of the 
centrifugal force, then the breadth and thickness of the rings 
must stand in a certain relation to the size of the nebula. If 
we, then, think of the original nebula, we understand at once, 
that its rings must have stood in somewhat the same relation 
to it, as for example, the rings of Saturn stand to Saturn. 
What is that relation? 

Saturn's diameter has been found to be 76,000 miles, and 
the total width of the rings together with the distances be- 
tween them, 37,000 miles. The thickness of the rings is ver}' 
small and is supposed to be from 50 to 100 miles. It is pos- 
sible that they are much thicker, but let us say that their 
thickness is only fifty miles. Now, if we divide the diameter 
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of the plant by the thickness of the rings, we find that the latter 
is 1/1520 of the former. Further, since we have found the 
equatorial diameter of the nebula to have been 5,528,000,000, 
miles, it follows that the ring out of which Neptune was 
formed must have had a thickness corresponding to at least 
1/1520 of 5,528,000,000, which is 3,636,842 miles or 
about four times the diameter of the Sun. The 
breadth of Saturn's rings is 700 times their thickness, 
but since there are distances between them, let us 
subtract a good round sum, so far as the nebula is concerned, 
and say that the breadth of its rings was only 100 times its 
thickness. If we then multiply 3,636,842 by 100 we get 363,- 
648,200, which indicates in miles the breadth of the ring. If 
we further multiply its breadth by its thickness and the pro- 
duct of this by 17 billion miles, which is the length of the 
Neptunean orbit, we get its contents, which amounts to more 
than 22 septiUion cubic miles. Thus we find, that this ring 
would contain matter enough to form 50,000 solar system 
like ours. And still we have used very conservative figures 
and assumed its matter to be no denser than air. 

It is evident, therefore, that the planet Neptune cannot 
have been formed out of such a ring or out of a ring of sucn 
a nebula. This, then, indicates another origin of Neptune, than 
that proposed by the nebular hypothesis, and another origin of 
the other planets also. 

Thus it is plain, at this point too, that planets are not made 
of rings. Furthermore, we understand, that the rings of Sat- 
urn serve some other purpose than to make moons, and that 
these have an origin independent of that of the planets. 

This must be said in favor of Laplace, however, that if the 
solar system had been explored to the same extent in his time 
as it is now, his theory would very likely never have appeared 
in the form in which it is here presented. But less can be said 
in favor of the modern advocates of the theory, especially after 
the discovery of Neptune one thousand million miles farther 
out than Uranus. John Fiske has gone even so far, that be- 
fore the moons of Alars were discovered, he tried to explain, m 
the light of the nebular theory, why Mars had no moons. After 
the diiscovery of the moons of Mars, G. H. Darwin has tried to 
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demonstrate, by the strength of the same theory, why Mars 
has two moons. 

There are many other things that could be brought against 
the nebular theory, for instance, the question about the origin 
of the comets, which it cannot answer; but since we have al- 
ready shown its untcnableness, we cannot gain anything by 
further argumentation against it. We may add, however, that 
what we have said so far, will appear much clearer and be more 
easily understood as we go on with the explanation of the real 
causes which have produced the natural phenomena, which, as 
wc have shown, hitherto have been so totallv misunde/stocd. 

(To be Continued.) 



THE BARABOO IRON ORE. 

By N. H. W1NCHKI.L, Minneapolis. 

One of the notable publications rclatinor to the iron ores of 
the Northwest is that of Dr. \\\'iclnian, of the Wisconsin 
survey, lately issued by the State of Wisconsin.* According to 
the report this iron ore txxurs in the **pre-Cambrian,*' in 
wliich are included rhyolyte. granite and dioryte, occurring 
in isolated outcrops, tlicse all King considered parts of the 
. vrchean. The rhyolyte is a very hanl, pinkish red rock which 
is usually unweathered and breaks under a stroke of the ham- 
mer with sharp conchoidal fractures. It contains numerous 
crystals of pinkish feldspar and translucent quartz, which are 
iinbt deled in a very fine matrix or t^nnuid mass. It fractures 
M^nietimes naturally in all directions, so that it appears about 
the outcrops in the i«Tm of multitudes of small angular pieces. 
It is frequeiuly veiiUMl by (juartz. It is described by Dr. Weid- 
iTian as havinir \wcn a surfcice or volcanic ii^rneous nxrk. its 
uroiniihr.a.'-s rej^rtser.lini:- t1:e gla^^sy t\'irt oi the i igneous tlow, 
C'M^led too ([uickly to bec< ire entirely crystallized. It is dis- 
covered niicrosc(^picaily that tlie crystals oi (juartz and of 
iVKlspiir ctMitair.evl in ll:i'^ rliy»-.\te have sonxtimes been bro- 
ken, and lh::t het\\ee!i the part^ thus iv^nned the vi^xous 
niairma has flowed. In other cases tbe^e crystals are bent. 
Tliese distiTtioT^.s are a<si^ned to a <late prior to the s<^lidifica- 

• "The H:ir:Uuu> Irtui Ke.MrinK l^'^t^ict of \ViKcoTis.'n ." Sawi'FL WHITMAN. 
U'/sion.fi/i Otolo^'c^il und .\nturnl Iii>iary Survey, lUilleliu No. 13, Madison, 
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tion of the rock, and are features well known in the red 
quartz porphyries of the Keweenawan. The rock also shows 
fluxion, poikilitic and spherulitic structures. Certain gray 
sericitic schists that occur between this rhyolyte and the overly- 
ing quartzyte or conglcxnerate are supposed to be a part of the 
rhyolyte rendered schistose and sericitic by dynamic pressure 
and crushing, although the zone occupied by these schists is 
sometimes 150 or 200 feet wide, and "may in places contain 
some sedimentary rock." In the same manner an arkose-like 
schistose zone lies between the granite and the quartzyte that 
overlies, and is thought to be due to alteration of the granite by 
dynamic pressure. A question might arise, whether, in the 
light of the author's descriptions, the dioryte should be consid- 
red a different rock from the granite. These igneous rocks 
are considered the basement floor on which, with a structural 
non-conformity, the quartzyte and its basal conglomerate were 
deposited. 

Tlie Baraboo series comprises three parts : ( i ) the Baraboo 
quartzyte formation, consisting mainly of quartzyte but con- 
taining also a small amount of conglomerate at its base, (2) 
the Seeley slate formation, consisting of a quite uniform gray 
clay slate, and (3) the Freedom formation, consisting, of two 
members, a lower, of iron ore, ferruginous slates, ferruginous 
dolomyte and ferruginous chert, and an upper, of dolomyte. 

The first mentioned of these (Baraboo quartzyte) is well 
known, having been described several times by different geolo- 
gists. It is unquestionably a very widespread formation, ex- 
tending into northern Wisconsin, into Minnesota and to 
northwestern Iowa. It has been styled Barron County quartz- 
yte. New Ulm quartzyte and Sioux quartzyte. It is in several 
places accompanied by red slate, hardened and semi-metamor- 
phosed, making the well-known catlinyte in Pipestone county, 
Minnesota. It was first named by Dr. C. A. White, Sioux 
quartzyte, from its outcrops in northwestern Iowa. The 
catlinyte beds of Pipestone county in Minnesota and of Bar- 
ron county, Wis., are perhaps represented at Baraboo by the 
more clayey and schistose beds enclosed in the quartzyte, now 
converted to a schist, as described by Dr. Weidman, by shear 
and differential movement incident to the uplifting of the 
quartzyte ranges. Near Ablemain's such uplifting so fractured 
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the quartzyte that on reconcentration by white quartz it pre- 
sents the composition and structure of Reibungs breccia. In 
general this quartz\'te is cemented by "interstitial" quartz, and 
small amounts of iron oxide, chlorite and sericite. 

The conglomerate underlying the quartzyte is essentially 
composed, even where it lies on or near the granite, of rolled 
and angular pieces of the rhyolyte, i. e., it is a quarts porphyry 
conglotnerate indistinguishable from the red conglomerates of 
the Kewcenawan. It contains, however, a little black slate, 
some pebbles of greenstone and some of ferruginous chert 
rocks, in that respect resembling the conglomerate underlying 
the Xew l.'lm quartzyte of Minnesota. 

The so-called " intra- fomiationar* conglomerate beds situ- 
ated on or in the qurtzyte, should not perhaps receive that des- 
ignation since after careful examination microscopically by 
Dr. W'eidman they do not contain any pebbles of the underly- 
ing Baraboo quartzyte, but consist of **pebbles of chert contain- 
ing considerable iron oxide and also a few pebbles of slate, but 
mainly of pebbles of vein quartz or of quartzyte like the Rib 
Hill quartzyte in north central Wisconsin." Such coarse frag- 
mental material, entirely foreign to the quartzyte underlying 
and overlying, indicates the sudden occurrence of powerful 
transporting currents in the ocean which ordinarily de|X)sited 
the fine-grained quartzyte. What may have been the cause of 
such ix)werful currents the author d<x?s not enquire, but it has 
a suggestive relation to the Keweenawan. What may have 
been the S(uirce of the ^'ferruginous chert," which we suppose 
is the same rock as that term expresses in other publications 
by the Wisconsin geoh^c^ists, the author does not inquire, but 
it has an impc^rtant bearing on the age of the quartz vte in 
which these jjehbles exist. 

Dr. Weidman has made a very imp<^rtant contribution to 
geology in establishing the structural relations of the quartz- 
yte to the rhyolyte and the granite of the district. \'ery differ- 
ent conceptimis of these relations had been published by dif- 
ferent gei>l(>gists of the \\'isconsin survey. Dr. Weidman 
shows by a mass of detailed field observations that the quartz- 
yte is younger instead c^f older than the (juartz porphyr>', that 
the structure of the region, instead of being momxMinal as 
thought by Irving and by Chamberlin. or anticlinal as conceiv- 
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ed by Salisbury and Atvvood, is synclinal and the thickness of 
the formation less than half as much as calculated by the other 
geologists. The writer has a personal satisfaction in this re- 
sult, since, in several general discussions of the geology of the 
Northwest he has compared the Baraboo region with the! 
geology of Minnesota and has insisted that the Baraboo 
quartzyte is later in date than the Keweeilawan quartz porphy- 
ries and later than the Animikie iron ore, on the ground that 
its Minnesota representatives are found unquestionably to oc- 
cupy such a stratigraphic position. From several calculations 
the author derives an average result for the thickness of the 
Baraboo quartzyte, viz: between 4000 and 5000 feet, without 
allowing for any faulting. This result is probably too high, 
since it is not likely that there is an absence of such move- 
ments, or even of profound faulting, such as would cause an 
elongation of the surface exposure and heuce an elongation of 
the hypotenuse of the triangle of dip. Probably these fig- 
ures, reduced fifty per cent, would more nearly express the 
actual thickness. 

Above the quartzyte is the Seeley slate, which is known 
only by underground exploration, having no surface outcrops. 
By mining operations and drilling it is traceable along the 
north side of the south quartzyte range a distance of six or 
seven miles. It is gray, cleaved somewhat like roofing slates, 
and so soft that it can generally be whittled with a knife. It 
is a sedimentary rock and its petrographic description and 
composition indicate that it is not free from volcanic elements. 
Indeed, its reference largely, or wholly, to the agency of 
igneous action, a sedimented volcanic ash containing more or 
less of other detritus, would be in keeping with the characters 
given to it by Dr. Weidman. In that case it is a rotted igneous 
ash modified by sedimentary elements. The fact tliat it shovvS 
commonly a well developed diagonal slaty cleavage implies 
differential pressure and shearing in the fonnation, such as 
would materially affect any calculation of its thickness unless 
it be allowed for, as above suggested for the (juartzyte. The. 
thickness of this soft shaly slate is placed by the author at 500 
to 1000 feet, but it may be considerably more, as only the 
roughest estimates can be made. In Minnesota this slate, or 
what lies above the great quartzyte, is well known, having 



246 The American Geologist, October. 1904. 

been penetrated by a large number of deep wells, and having 
developed a thickness of nearly 2000 feet. It varies from 
gray (or greenish) to red, but its products under the action 
of a common drill always appear red. The earliest published 
account of this formation is to be found in tlie second annual 
report of the Minnesota survey, where it was described in the 
record of the Belle Plaine salt well, where it was penetrated 
about 500 feet. Subsequently it has been encountered in every 
deep well sunk in this part of the state. It is spread out hori- 
zontally over a large area in Minnesota. It is somewhat in- 
terstra'tified with quartzyte downwardly and with sandstone 
upwardly, fading out in both directions by changing to such 
rocks. It extends to Sioux Falls in S. Dakota where it colors 
the till locally, being charged with iron oxide. It is mentioned 
in all the Minnesota reports that relate to this stratigraphic 
horizon. 

The Freedom formation, which is the iron-bearing member, 
^*consists of a variety of rock, including slate, chert, dolomyte, 
and iron ore and all gradational phases between those kinds of 
rock." The dolom\i:e is said to be the most abundant of these 
varieties, and alone to compose the upper part of the Freedom 
formation. Its thickness is 500 feet, but was probably at first 
much more than 500 feet. In Minnesota this hori- 
zon has not been distinguished, but the whole shaly mass 
above the quartzyte has been considered essentially as one 
formation. So far as known no dolomyte has been discovered, 
but in only three instances have drill cores, or drillings been ex- 
amined with care, and those pertained to the upper portions 
of the member, viz: the Belle Plaine Salt well, the Mankato 
deep well and the Glencoe well. The deep well at the Lake- 
wood Cemetar\', at Minneapolis,* was sunk into the Seeley gray 
slate about 33 feet. The East ^Minneapolis cleep well and the 
Manlcato deep well were limited to the upper portion of the 
Freedom formation. The Glencoe deep well passed through 
315 feet of red quartzyte below the Hinckley sandstone and 
the Fond du Lac red sandstone, and again entered a red sliale, 
in which the well stopped after penetrating it 230 feet.f This 
quartzyte is supposed to be the representative of the New Ulm 

♦ Final Report of the Minnesota Geological Survey, vol. ii, pp. 182-186. 
^ AtlHS Volume of the Final Report, Minnesota Survejr, plate xzxvii, Mc- 
Leod county. 
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quartzyte which appears on the Minnesota river a few miles 
south of Glencoe, which has been without exception paral- 
klized with the Baraboo quartzyte, but it may be a quartzyte 
stratum separated from the main quartzyte by a stratum- of 
red shaJe. In several cases such interstratified shale beds have 
been observed. The pipestone, or catlinyte, layer at Pipe- 
stone, Minnesota, is a familiar instance. Indeed, the New 
Ulm quartzyte itself is rather shaly than quartzitic in its lower 
layers and the red color is to a large extent, a superficial 
feature. The outcrop of the underlying conglomerate is so far 
removed from the quartzyte outcrop that intervening room 
exists for a great thickness of shale or shaly quartzyte. 

The iron ore of the formation (hematite and siderite) is 
somewhat different from all the iron ore deposits of the lake 
Superior region in its mineralogical associations. The chief of 
these differences consists in the presence of a large amount of 
dolomite. This carbonate develops into important strata 
which, being crystalline, are denominated marble. Much of it 
is affected by the presence of iron, and sometimes by manga- 
nese. The general term ferrodolomite is usually applicable. 
The iron ore grades into this rock, and also into ferruginous 
chert, and into ferruginous slate by insensible changes, re- 
sembling in all respects the gradations seen in sedimentary 
rock from one to another. The workable ore occurs at different 
horizons, the deposits being- conformable with the strata, vary- 
mg from thirty feet thick to two hundred feet, in the form of 
more or less elongated lenses. The author remarks that this 
ore deposit has more similarity to the ores of post-Cambrian, 
such as the Clinton ore, than any of the known ores of the 
lake Superior region. Still, notwithstanding these differences, 
there are greater bonds of alliance with the other ores of the 
lake Superior region by reason of which this ore can be class- 
ed, with strict propriety, with the well known ores of the 
Northwest. The chief difference, above noted, is one further- 
more that does not always obtain, for in the eastern end of 
the Mesabi iron range the iron horizon is accompanied by a 
deposit of ferro-dolomite or dolomitic siderite which constitutes 
a noteworthy stratum in the base of the Animikie,* and its 
origin and significance have been discussed by the writer. 

• Final Report of the Miancsota Geological Survey, pp. 312, G38, 997. 
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In Minnesota this fcrrodolomvte as a rock mass is more nearly 
a dolomitic sidente. 

The author fully considers the subject of underground 
water and its agency as a possible producer of this ore, as has 
been urged for the other ores of the lake Superior region. By 
the steps of such investigation such origination is excluded, 
because, (i) the minerals in solution in the underground 
waters are not noticeably different from those in solution in 
surface waters: (2) the minerals deposited in the overlying 
sandstone arc not iron but silica and lime, the latter in small 
amount; (3) river waters often hold in solution iron in greater 
quantity than is now contained in the underground water of 
the Baraboo district; (4) the iron in underground waters is 
held in solution until the waters are exposed to the oxidizing 
action of the atmosphere at the mouths of springs; or l)y the 
action of iron bacteria; (5) the iron of the formation was de- 
posited prior to the formation of the numerous quartz veins 
that penetrate the \ycds, i. e. prior to the uj)hcaval and tilting 
that fractured the strata: (6) these veins are quartz, with 
very .^mall amounts of lime and of iVon sulphide, and they 
must have ])een formed by underground waters; (7) the rela- 
tions of the ore to the containing rocks in everyway indicate 
that the ore originated cotcmporary with the deposition of 
the rocks as sediments. 

As to the origin of the ore the author states that he be- 
lieves that it was originally a deposit of ferric hydrate, or 
limonite, formed in comparatively stagnant and shallow water, 
under c(^iiditi(.'ns similar to those existing wlien bog or lake 
ores are being fonned to-day. and that such ore has been 
altered by heat aiul pressure to hematite. He also believes tliat 
organisms played an important part in the formation of the 
strata of hematite, as well as of the strata of dolomvte and 
chert — that too, although he considers the associated rocks as 
a part of the Archean (Lower Keewatin). It is the first sug- 
gestion of evidence of organic life in the Archean, excepting 
only the Eozoon canadense whose organic nature is quite gen- 
erally discredited at the present time, ami whose statigraphic 
position may be considerably higher than the I^wer Keewa- 
tin, and perhaps of the Lower Cambrian. The author believes 
that the shallow waters were subject to alternating changes 
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of depth and physical surroundings, and that the waters heldv 
considerable iron in solution derived from iron-bearing rocks 
of adjacent land areas. He states in detail the evidence suf)- 
porting this hypothesis. But few geologists will question his 
interppetation of the evidence. The idea that the iron ores of 
the lake Superior region have resulted froni the metasomatic 
alteration of a "cherty carbonate" on a grand scale, suggested 
by Irving, lingers in certain quarters to this day. Indeett it is 
the fundamental conception held by the United tstates geolo- 
gists who have labored in the Lake Superior region, although, 
from the force of the evidence, more lately the presence of a 
"green silicate" in the original rock has been recognized as 
an important source of much of the ore. That the iron now 
present in the recks had its origin in sedimentation, and dates 
from the fomiation of the rocks themselves, and has simply 
sufTcrcd transformation of its chemical composition, resulting 
in different iron minerals, is becoming more and more widely 
proven. This process is one of metamorphism, due to the same 
forces that have converted many rocks from a state of simple 
sedimentary strata into schists and gneisses. The elements 
were all (or essentially all) present at first. They have taken 
on new forms of chemical combination, and have been locally 
concentrated. The writer is entirely in accord with Di. Weid- 
man in this explanation. The author would have found this 
theory applied to the iron ores of Minnesota by the writer 
thirteen years ago (though with scant recognition of the* 
agency of decaying organic matter) had he consulted Bulletin 
No. 6 of the Minnesota (Geological Survey, pp. 103-111.* If 
there be any difference between the author^s and the writer's 
views it is in relation, to the environment of the sedimentary 
action. The author seems to require quiet, shallow water, 
subject to slight, alternating fluctuations of level, but a steadily 
sinking sea bottom, the iron solution in the water derived 
from adjacent land areas. Rather the writer maintained that 
the sea was hot, incapable of supporting organic beings, and 
that the ferric hydrate was a chemical sediment. With later 
observation it has Ix^come apparent that liot waters shaded off 
into tq)id waters, and that chemical sediment was widely 

391-300 '1889* "^^ *"' published in the American Geologist, vol. !y, pp. 
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mingled with detrital sediment, thus warranting the assump- 
tion of the action of organic agencies and the general cotem- 
porary prevalence of ordinary detrital sedimentation at other 
points. The writer believes that all the fads that have been 
brought to light bearing on the origin of tlie lake Superior 
ores warrant the conclusion that these ores in their first con- 
dition resulted from the chemical action of oceanic waters on 
volcanic rocks, and that they were cotemporary, from the old- 
est to the youngest, with epochs of unwonted volcanic ac- 
tivity. The discussion of this view as to the older iron ranges 
has been presented, in an incomplete manner, in volume five of 
the final report of the Minnesota survey, and earlier in Bulletin 
No. 6 of the same survey. . • 

Referring to that report for reasons for this belief, it may 
be well to consider reasons for assuming that the Baraboo 
ore should be assigned to a similar volcanic epoch. 

1. In the final discussion of the Keweenawan igneous 
rocks the writer divided them into two great divisions, to 
which he gave the names Cabotian and Manitou, the former 
being the older. The Cabotian contains the gabbro and anor- 
thos)i:es, the so-called red-rocks, i. e., the red quartz porphy- 
ries, the red granites and the felsytes, and numerous red-rock 
surface lavas. In the Cabotian are also many important basic 
lava flow rocks now much rotted. In the Manitou are only 
basic lavas and alternatmg sandstones and shales, with rare 
conglomerates, the lavas gradually fading out and giving place 
to a formation of great thickness, of shale and shaly sandstone. 

2. In the course of about 15 years of study and field 
examination in the Archean and Taconic rocks of the lake 
Superior region the writer has found no red quartz porphyry 
below the base of the Animikie. It seems to be confined to the 
Keweenawan. It is true that in Wisconsin are several isolated 
knobs of quartz porphyr}^ that have been assigned to tlie Arche- 
an, but there is no evidence wliatever that they are not co- 
temporary with similar knobs further north that are well 
known to belong to the Keeweenawan. 

3. The writer has shown conclusively that the conglcxn- 
erate lying at the base of the New Ulm quartzyte is of later 
date than the Animikie and hence later than the Mesabi ore. He 
accepts the unanimous assumption that the Baraboo quartz>i:e, 
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the Sioux quartzyte and the Barron County quartzyte are ail- 
on practically the same stratigraphic horizon, and the same 
horizon as the New Ulm quartzyte. 

4. Hence the Baraboo iron ore is later than the Animikie, 
and the Baraboo conglomerate and quartzyte are the sedimen- 
tary equivalents of the Puckwunge conglomerate and quart- 
zyte. 

5. Therefore the Baraboo iron ore being later than the 
red rhyolyte is in the proper stratigraphic place to be cotempor- 
ary with the Manitou igneous epoch of the Keweenawan, 
and was accumulated under conditions that were identical with 
those shown by the writer to have prevailed when the ores of 
the Vermilion range and of the Mesabi range were deposited. 

The writer has described the Puckwunge conglomerate as 
the fragmental base qf the Manitou epoch of the Keweenawan, 
and non-conformable on the Cabotian, and also non-conforma- 
ble (owing to subsidence of the lake Superior region) on sev- 
eral older formations. The subsidence which was later and 
is well known as the cause of such non-conformity of the? 
Upper Cambrian on older formations (even on Archean) 
seems to have begun far back in the Keweenawan and to 
have produced a progressive non-conformity of the Manitou 
rocks (or their associated fragmentals) on' the still older rocks. 

The author of this volume has made an important contri- 
bution to the question of the origin of iron ore, in showing that 
the Baraboo iron was not the product of metasomatic alteration 
of other rocks by the agency of underground water, and hence, 
owing to the common links that bind it with the ore of other 
iron ranges, that probably none of the lake Superior ores were 
due to any important degree, to the action of underground 
waters. Still such waters have played doubtless an important 
part in changing the ore from one mineral condition to an- 
other, and perhaps to some extent in transporting it and con- 
centrating it in certain strata where heat and pressure have 
co-opei:atcd to produce crystalline hematite. The author is to 
be congratulated for the thorough and independent manner of 
this investigation. 

It would have been a fortunate thing if he had been equally 
independent and thorough is assigning the Baraboo ore to its 
stratigraphic place. He has tentatively put it somewhere in 



252 The American Geologist. October, i904. 

the Archean, amongst the rocks that hold the ores near Afar- 
quette, but it is plain that, if the foregoing exhibit of the 
stratigraphic relations of the Raraboo rocks be correct, tiie 
Baraboo ore is chronologically about equivalent to the Manitou 
epoch of the Kewcenawan. 

In conclusion attention may, be called to a former state 
ment by the writer of facts that indicate that the quartzyte at 
the falls of Pokegama on the upper Mississippi is more recent 
than some parts of the Keweenawan, and that hence it does not 
pass below the Mesabi iron ore, but may be the equivalent of 
the Puckvvunge conglomerate and quartzyte. There has never 
been any demonstration of the age of this quartzyte. It is 
known to lie on the granite of the Giant's range but the age of 
the Giant's range of granite is, according to II. V. Winchell 
and Prof. C. K. Leith, later than the Animikie. The age of 
the Giant's range granite has pretty generally been accepted as 
pre- Animikie, and hence Archean. Of course if it be later 
than the Animikie it will parallelize with the granite associat- 
ed with the gabbro, and the age of the ores of the Alesabl 
range, in its western part at least, would come into question. 

At this point the facts referred to above are apropos. 
They are published in volume 5, of the Minnesota final report, 
p. 992. In making a final microscopical examination of some of 
the slides it was found that the conglomeratic iK)rtions of the 
Pokegama quartzyte which passes below the ore at Prairie 
River falls hold a few pebbles and fragments of rock that can 
be derived only from some parts of the Kewcenawan, and that 
hence some i)art of the iron Ore of the ^Icsabi range, as des- 
cribed and mapped, is later than the Animikie and later than 
some part of the Keweenawan. It is a remarkable fact also 
that the rock that overlies the ore and the quartzyte, in the 
vicinity of the Diamond mine, east of Pokegama falls, is a red, 
soft, unctous shale undistinguishabic fn^n tlie shales of the 
Keweenawan that are well known. 

It hence ajypears probable that the stratigraphic relations of 
some of the iron ore deposits of the lake Sujierior region are 
not well understood and need to be re-considered. Taking 
together the facts about I\)kegania falls and the new develop- 
ments at liaralxK) it seems to Ix- pretty certain that there is an 
ore horizon in the Keweenawan about on the chronological 
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horizon of the igneous rocks of the Manitou epoch. It is pos- 
sible that the next lower iron ore is similarly related to the 
Cabotian, the oldest igneous rocks of the Keweenawan. It 
would be no abnomial fact that the highly ferruginous shales 
of the Keweenawan should be found to afford in some places 
so concentrated a condition of their contained hematite as to 
become economically a valuable iron. 



THE CRETACEOUS EXPOSURE NEAR 

CLIFFWOOD, N. J. 

By Edward W. Bbrky, Passaic, N. J. 
PLATE XV. 

In the January number of the American Geologist there 
appeared an article criticising certain views ascribed to the 
writer as to the proper correlation of the Cretaceous clays 
w'hich outcrop on Raritan bay in the vicinity of Cliffvvood, X. 
J. The Article in question is wTitten in a tone that should not 
be permitted in a scientific discussion, particularly as the pa- 
per criticised was intended as a contribution to paleobotany, 
the g-cological discussion being" merely introductpry and ad- 
vancing no new ideas or correlations ; on the contrar}' it con- 
tained simply a brief resume of the opinions of the several ge- 
ologists who had studied this exposure and whose mature 
opinions had been before the public for a number of years. 
Should subsequent facts warrant, which it seems to me they 
fall far short of doing at present, the reference of these 
clays to the Raritan formation I would most readily accept 
this conclusion, although the evidence of the contained tiora, 
largely misunderstood and misquoted by Knapp, does not 
warrant such a conclusion. 

Professor Wni. B.- Clark who named the formation and 
mapped it for the United States Geological Survey, and whose 
views I followed in a general way in my article above referred 
to writes me in part as follows in response to a letter asking 
for his opinion : 

"There is no question as to tlie sharpness of the Matawan-Raritan 
contact from the Potomac valley northward. It is one of the most 
marked stratigraphic features in the Maryland-Xew Jersey Cretaceous 
belt. As we approach the Raritan river at Cliffwood bluff coming 



254 The American Geologist. October, 1904.. 

north, however, this sharp distinction between the Matawan above and 
the Raritan below is less pronounced and I have always been a good 
deal puzzled by the Cliffwood section as there seemed to be a lens of 
different materials lying between the typical Raritan below and to the 
westward and the typical Matawan aboye and to the eastward. This 
lens it is true is more sandy in places than the typical basal beds of the 
Matawan, but it contains, on the other hand, patches of glauconitic 
materials which 1 have never observed in the Raritan. Furthermore, 
while the contact of the Cliffwood lens with the more characteristic 
Matawan above is not sharp and distinct"* there is a marked difference 
between these materials and the typical Raritan below. 

"Considering all the evidence at hand it seemed to me that this 
lens of dark clays and laminated sands, at times glauconitic, ought 
rathev to be included with the Matawan above than with the Raritan 
below. I therefore incorporated it tentatively with the Crosswicks clays, 
or basal Matawan, to which I am still inclined to believe it belongs 
since reading your article on the paleobotany. It is not surprising that 
a large proportion of Raritan plant species still continue on into the 
lower Matawan as the same takes place in the formations below the 
Raritan in Maryland and Virginia. ... It would not be surprising 
that with the advent of Matawan deposition certain small included areas 
of deposition might exist at the time of the encroachment of the sea 
which would be contemporaneous with the more distinctly marine 
facies elsewhere. The production of glauconite is an extremely signi- 
ficant fact and is characteristic of the opening of Matawan deposition 
throughout the entire region to the southwestward as far as the Poto- 
mac valley where the Matawan finally disappears by the transgression 
of the Eocene, It is irregularly glauconitic and- often sandy south of 
the Delaware although no fossil leaves have been found as yet. 

"The point at issue does not strike me as of any great importance 
and if further investigation should show conclusively that these beds 
at Cliffwood should be included in the Raritan I should have no hesi- 
tancy in accepting the results. I think the data thus far furnished, 
however, point more strongly to the Matawan than to the Raritan, but 
here is a chance for an honest difference of opinion." 

Personally I have not studied the exposure to the south- 
westward, nor do I feel competent to pass judg^nent on the 
stratigraphic details, and I desire in the following notes to set 
forth the evidence that is furnished by the plant remains. 

The typical Raritan flora contains numerous old types, rep- 
resentatives of plants from the arctic Urgonian (Kome beds), 
such as Glcichcnia micromera Ilecr; representatives of Cyca- 
dinocarpus, which is almost exclusively a Triassic and Ju- 
rassic genus ; representatives of Czckanozvskia which is a 
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Jurassic genus; Bra^hyphyllum which is chiefly a Jurassic 
genus, although it occurs also in the Triassic; representatives 
of Baiera and the allied genus Sclerophyllina which are 
Triassis, Jurassis, and Necomian. 

Podozamites angtistifolius (Eichw.) Schimp, which is re- 
corded by Heer from the Jurassic of Siberia and Spitzbergen 
reappears in the Raritan. 

In addition to these ancient types, the Raritan abounds 
in species, often of common occurrence, which have not been 
detected at Cliffwood. Such examples are Sequoia hetero- 
phylla Vel., Widdringtonid (two species), Celastrophyllum 
(nine species), Myrica (seven species), and species in thirty- 
three other genera which are unrepresented at Cliffwood. 

Knapp erroneously says that 64 per cent, of the Cliflfwood 
species are identical with the Raritan flora at Woodbridge. 
As a matter of fact, in the paper he has criticised only 29 per 
cent, of the plants were represented in the whole Raritan 
formation. 

Further contributions have increased the percentage of 
Raritan species found at Cliffwood to 37 per cent. Against 
this may be placed 44 per cent of forms common to the Ceno- 
manian of this country and Europe, the detailed distribution 
of which may be readily seen in the table of species accom- 
panying this article. 

By far the most common fossils at Cliffwood are Cunning- 
hamites squamosus Heer, Dammara cliff zvoodensis Hollick, 
Sequoia rcichenbachi (Gein.) Heer, and Sequoia gracillima 
(Lesq.) Newb. Of these, Sequoia reicJienbachi ranges from 
the Neocomian through the Danian, and is a very widespread 
form. The balance are peculiar to Cliffwood and higher hori- 
zons, thus Cunningfuj mites squamosus occurs elsewhere only 
in the Senonian of Saxony. 

The imperfectly petrified cones of Sequoia gracillima are 
excessively common at Cliffwood, the writer having collected 
hundreds of specimens not only from the wash on the beach 
but also in place in the clays. They are sometimes very per- 
fectly preserved and are very characteristic objects (see plate), 
yet to my knowledge they have never been detected in the 
Raritan formation, although the latter has been opened up 
everywhere for the clay and been extensively collected over. 
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This is a very significant fact, an abundant and well pre- 
served type such as this far outweighing merely negative evi- 
dence or percentages of species common to two fonnations. 

In considering the members of the genus Aralia which are 
found at Cliffwood we find that the one species otherwise con- 
fined to the Raritan (Aralia palmata) is not exactly identical 

*CarptteM minuttilufi Lrcsq. recorded from the Denver group at Golden. Col., 
has recently been detected at Cliflwood, N. J. 

f Uocalities nnder this ppecies represent foliage doubtfully related to the 
cones of the Matawan. 
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but shows a progressive development of- lobes, and is more 
abundant in the later formation. Of the other species of this 
genus two are very large-leaved Cenomanian forms •(raz^?«'a«a 
and towneri). In the genus Quercus we find at Cliffwood a 
representative of a Laramie species, another common to the 
Dakota group, a third closely related to the living Quercus 
prinoides Willd. 

None of the six Matawan species of this genus are found 
in the Raritan, in fact the genus is only sparingly represented 
in that formation. 
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The two species Rhamnns and the four species of Ster- 
culia all point to the relation of the Cliffwood flora to those of 
higher horizons. 

In the genus Nclumho we have a small leaved species at 
Cliffwood which Ilollick considers as probably identical with 
his Nclumho larhmiensis from the Laramie formation. 

Further than this, if we were to eliminate from our discus- 
sion Raritan forms of rare occurrence in the M'atawan, and 
evidently waning type, such as Tricalycites papyraceous and 
ProtophyUocladiis subintcgrifolius, each represented by but a 
single specimen, the differences betweerj the two floras would 
be greatly emphasized. 

The Cliff \\T:)od clays also contain many representatives of 
distinctly later types — thus I'^iburnum has two positively iden- 
tified species, the genus being imrepresented in earlier strata.* 
Similar evidence is furnished by representatives of the genera 
Arlsaema, Ficits^ Bauksia, Lannis, Magnolia, Myrsine, Sapin- 
dus, etc. 

The botanical evidence is capable of much fuller amplifi- 
cation than I have thought necessary to give it in the foregoing 
notes, and I have no hesitation in saying that the Cliffwood 
flora is not only perfectly distinct from the Raritan flora, but 
that the old tyj)es in the latter are replaced by more modern 
types in tlie former, and clearly point to the greater age of 
the Raritan flora. If subse([ucnt facts should prove the in- 
timate stratigraphic connection of these beds with the 
Raritan the flora would nevertheless prove that this horizon 
(at Cliffworxl) is a biological, if not a stratigraphic unit. 

♦ A species from the Raritan referred to the genus by Newberry is obviously 
not a Viburnum. 
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The occurrence and exploitation of petroleum and natvral [los in Ohio. 
JoHX Adams Bownocker. Fourth series. Bulletin No. i, of the 
Geological Survey of Ohio, Edward Orton, Jr. State Geologist, 
Columbus, O. December, IQ03, pp. 325, xxi with maps, 6 plates. 
Excepting a brief historical sketch of the organization and work of 
the Geological survey of Ohio by Prof. Orton, this volume is devoted 
to oil and gas by Prof. Bownocker. The chnpters nre ; The oil and gas 
producing rocks of Ohio : The Trenton limestone as a source of oil and 
gas ; The Clinton formation as a source of oil and gas ; The Carbonif- 
erous rocks , as a source of oil and gas ; Th^ origin of oil and gas, 
and geological conditions under which they are found 

Above the Trenton limestone, the lowest gas producing rock of 
Ohio, commercial quantities of oil and gas hive been found in a large 
number of formations reaching as high as the Monongahela forma- 
tion, the Upper Productive Coal Measures of the Carboniferous. The 
author discusses fifteen. He gives in detail *he history of exploitation 
at the various fields, entering into the methods of various municipalities 
to secure free gas for manufacturing establishments, and cheap gas for 
the citizen. Toledo has had a very unfortunate and costly experience. 
After an expenditure of two millions of dollars to establish a munici- 
pal gas plant it has now only an annual income of $6,500, derived from 
the rent paid by a private company for the use of the city's distribut- 
ing gas lines. The history of Findlay reads like a romance — discovery, 
excittnient, speculation, extravagant use and waste, boom, wane, col- 
lapse, and a scampering of the speculators to the new fields of Indiana. 
Oil when it accompanied gas, was at that time regarded a nuisance. 
This was in the eighties. Gradually, as the prevalence of oil in the 
same regions and in the same rocks, became an aggressive economic 
fact, efforts were turned to its utilization. At the date of igoi the 
Trenton limestone produced in Ohio the enormous supply of 16,176,292 
barrels. The greatest supply from this source in Ohio was in 1896, reach- 
ing 20,575,138 barrels. The total oil supply m the United States for 
those years was respectively 69,389,194 barrels and 60,960,361 barrels. 
Oil is therefore now by far the greater of these sources of wealth, 
but according to symptoms that are well known it also is fast going 
over the same road to exhaustion. Wells are being abandoned, and 
the great tlowers are much reduced, salt water threatening to l>e their 
doom. The counties of the state have all betn tested by drilled wells, 
some of them having scores and even thousands, so that the resources 
of the state in this direction are practically known. The reservoirs, or 
"pools" of oil as well as of gas have probably all been discovered. 
This report serves to put on record and to preserve the history of 
what has been probably the most important and exciting run of 
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^ large sums of mon.^ ,,t:^ ^:' «-«-<L It has not involved 
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been reached by scientists and St 1""";"^ ''"' "° <=°''^J««on has 
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chc-ica, processes is -mtres" Vl77 °^. ^"^ 'nvestigation/ofth: 

The vol '"^'"«'>' ^^« forth. ^^ ^"^ •''^"- e^stence are 
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A brief description of the formations was published by professor 
Prosser in December, igo2, in the Journal of Geology; but the folio 
contains a more detailed description accompanied by various sections. 
The descriptions are of general interest for in many cases they are not 
confined to the area of the quadrangle, but give the distribution and 
character of the more important formations from the quadrangle south- 
ward into the southern part of the state and northward to Nebraska. 
The following are some of the more important and interesting forma- 
tions, especially from an economic standpoint. The Cottonwood lime- 
stone, which is a massive stratum about 6 feet thick, composed to a 
large extent of foraminiferal tests belonging to the genus Fus'ulina, 
This is the most valuable Construction stone in Kansas, which appar- 
ently loses its marked lithologic character in the southern part of the 
state, but to the northward it has been followed into southeastern Ne- 
braska. The Wreford limestone is the next higher massive one with 
a thickness of 40 feet, which in part is very cherty and is the lowest 
of the conspicuous cherty limestones of the "Flint Hills" region. Sixty 
to seventy feet higher is the Florence flint, 20 feet thick, succeeded di- 
rectly by the massive Fort Riley limestone, which has a thickness of 
40 feet and is extensively quarried at various localities in the state. 
'This was one of the first Permian limestones to be named and de- 
scribed in the state and its distribution has been traced from southern 
Kansas into southern Nebraska. The higher of the conspicuous lime- 
stones is the Winfield, which generally contains numerous large con- 
cretions that weather to a rusty color, and it forms a marked strati- 
graphic horizon across central Kansas. 

The line of division betw<^en the Carboniferous and Permian sys- 
tems is drawn with a query at the base of the Wreford limestone, 
which is identical with the horizon selected by Dr. Freeh for the line 
of division between these two systems. FolIo\ving the Washington 
meeting of the International Congress of Geologists Dr. Th. Tscherny- 
schew, the noted Russian geologist, studied the Kansas river section 
from Manhattan to Junction and later published the following state- 
ment : "The layers of the Neosho, and perhaps the lowest part of the 
Chase [the Chase consists of the Wreford, Matfield. Florence. Fort 
Riley, Doyle and Winfield formations] appear to be analogous to the 
Schwagerinen fthe upper stage of the unquestioned Carboniferous] 
in Russia, while the remaining part of the Chase and the layers of the 
Marion one must recognize as strata homotaxial with the Russian 
Permo-Carbnniferons and lower Permian." 

In a paper published nine years ago in the Journal of Geology by 
professor Pros«;er, the provisional line of separation between the Car- 
boniferous and Permian systems was drawn at the top of the Floreiia 
shales in the lower part of the Garrison formation, 130 feet below the 
base of the Wreford limestone, which is very near the horizon that at 
a later date has been selected by the European authorities for the line 
of division between these two systems. 
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The folio also clearly shows the unexpected folding which the rocks 
of this quadrangle have undergone. Attention was first directed to this 
folding by professor Prosser in 1894, which had been overlooked by 
other geologists who supposed that the rocks of central Kansas had a 
nearly uniform dip of small amount to the northwest. In an earlier 
section along the Cottonwood river the geologist failed to recognize 
the reappearance of the Cottonwood limestone in ascending the river, 
due to an anticlinal fold, and so it was given a new number and re- 
garded as a distinct and higher limestone. 

Radio- Activity by E. Rutherford, MacDonald Professor of Physics, 
McGill University, Montreal. University Press, Cambridge, 1904, 

399 pp. 

Amidst the flood of papers, often immature and incomplete, relat- 
ing to radio-activity, which have appeared within recent years, it is a 
distinct pleasure to meet with one in which the subject is treated in a 
comprehensive as well as calm and judicial manner. In the work issued 
under the abovie title professor Rutherford has brtrugtit together the 
available information relating to the so-called radio-active minerals 
in the form of a somewhat brief summary of twenty-seven pages. The 
remainder o<f his book is given up to a discussion of the Ionization The- 
ory of Gases; Methods of Measurement; Nature of the Radiations f 
Rate of Emission of Energy; Properties of the Radiations; Continu- 
ous Production of Radio-active Matter; Radio-active Emanations; Ex- 
cited Radio-activity; Radio-active Processes; and Radio-activity of the 
Atmosphere and of Ordinary Materials. Abundant references and 
footnotes serve to make the book a very satisfactory bibliography of 
the subject. 

Incidental reference may be made to an earlier work by Dr. Philip 
Browning, of Yale University, entitled An Introduction to the Rarer 
Elements, which forms a very convenient supplement to the work of 
Rutherford, above noted. This last, aside from giving a brief historical 
sketch of each of the so-called rare elements, mentions the natural 
minerals in which it occurs, the typical compound^ formed, their prop- 
erties, and nuethod of extraction. c. P. m. 
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PERSONAL AND SCIENTIFIC NEWS. 



Mr. L. J. Hartzell has been appointed to a professorship 
in the Montana School of Mines at Butte. 

Prof. J. E. Todd is doing field work for the United States 
Geological Survey on the Redfield and Byron quadrangles in 
South Dakota. 

Drs. J. W. Beede and E. H. Sellards spent the summer in 
the field studying the invertebrates and plants of the Upper 
XJarboniferous and Permian rocks for the Unfversity Geological 
Survey of Kansas. 

Dr. Clarence L. Herrick, formerly one of the editors of 
the American Geologist, died Sept. 15, at Socorro, New Mex- 
ico, of tuberculosis. In a future number a suitable biographi- 
cal sketch will be published. 

The Hugh Miller Memorial Institute was opened 
Aug. 26 by Andrew Carnegie. It is at Cromarty, and the 
origination was due to the memorial celebration held at Cro- 
marty in 1902. The institute promises to be permanent and 
useful. 
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The Paleontological library of the late Prof. C. E. 
Beecher of Yale University, is for sale. It comprises over 
3000 pamphlets and 200 volumes. Those desiring further in- 
formation should write Prof. Charles Schuchert, Yale Mu- 
seum, New Haven, Conn. 

Dr. a. C. Lane, state geologist, has been engaged as 
non-resident lecturer to give two lectures a week on 
economic geology at the University of Michigan. This is 
a part of the work that belonged in the department of the 
late professor W. H. Pettee. 

The Keewatin" greenstone was struck by a deep well at 
Veblen, in Marshall county, South Dakota, at a depth of 860 
feet. A sample of the drill-core showed a much squeezed rock 
carrying a considerable fine-grained or "chalcedonic" quartz. 
This formation gave a flow of soft water. 

We learn that Professor Dr. J. F. Pom peck j, long as- 
sociated with the late professor von Zittel, is to leave the Alta 
Akademie at Munich, having accepted the chait of geolog>' in 
the Landwirtschaptlichen Hochschule at Hohenheim near Stutt- 
gart. We understand no chair of paleontology was established 
at Munich, but only one for geology, now occupied by profes- 
sor Rothpletz. 

Mr. O. a. Peterson, who has been making explorations 
for the Carnegie museum of Pittsburg, in the northwestern 
part of Nebraska and in Wyoming, made a somewhat pro- 
longed field examination of the curious fossils known as Dai- 
monelix. In a preliminary paper (Science, Sept. 9, 1904) he 
states that he believes from the facts noted that there is but 
little room to doubt that Daimonelix is cast of the burrow of 
a rodent. The skeletons of numerous rodent specimens were 
found entombed in the giant coils. 

The Deepest Oil or Gas Well in the United States 
was completed in 1898 on the William Picdcll farm at West 
Elizabeth, 12 miles southwest of Butler, Pa. It is 5,575 feet 
deep. A 10 inch casing was used to 40 feet, an 8.25 inch to 
360 feet, a 6.25 inch to 1320, and from thence to the bottom 
is a 6.25 inch hole. Record was kept of the geological for- 
mations, the hole starting in the Carboniferous, 150 feet below 
the horizon of the Pittsburg coal and ending in a black 
shale supposed to be the Marcellus shale of the middle Devon- 
*ian. Prof. Hallock, cjf Columbia University, made some 
careful tests of the temperature. At 525 feet the temperature 
was 57 dog. Fah., at 2252 feet 64 deg. ; at 2397 feet 78 deg. ; at 
5010 feet 120 deg.; and at 5380 feet 127 degrees, an increase 
with depth of alx>ut 1.4 deg. per 100 feet. An accident left the 
tools and 1000 feet of the K:able in the well, j)luj;f>ng it, or it 
would have been drilled deeper. (Eng. Jl/ni. Jour.) 
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THE ECHINODERMATA OF THE MISSOURI 
SILURIAN AND A NEW BRACHIOPOD. 

By R. R. RoWLBY, Louisiana, Mo. 

Pisocrinus granulosus, n. sp. 

PLATB XVI. Figs. 1, 2, 3 x 2. 

The five basal plates of this little crinoid are quite large, 
extending considerably"^ beyond the columnar pit. As in other 
species of the genus, they differ much in size and shape. 
The two large radials rest on the basals, the three smaller ones 
being triangular and lying between the two larger. The two 
posterior radials rest upori a rather broad, pentangular anal 
plate. The radial extensions up-ward, separating the arm bases, 
though not long, are stout as in the figures. The entire surface 
of die plates is beautifully granular. The plates, are heavy 
and the body outhne hemispherical. 

l^'igure 3 in its plate arrangement differs widely not only 
from the specimen Figs, i and 2 but even from the genus 
Pisocrinus. However we take it to be a mere abnonnality. 
Three of its radials are large and rest on the basals, wliile the 
other two are small, resting between the two larger radials 
without touching the basals. There is no anal plate, whatever. 

In all the specimens of Pisocrinits figured on our plate the 
basal region is excavated. 

• The specimens came from the red, slialy limestone of the Niagara 
age, near St. Mary's, Ste. Genevieve Co., Mo. 

Pisocrinus gorbyi ? S. A. Miller. 

Plate XVI. Fios. 4, 5, 6, 7 X 2. 

This is another granulose species, somewhat smaller than the 
former, distinctly star-shaped and less rotund. In small speci- 
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mens the radials are strongly pointed and give rise to a distinct 
constriction near their base^, as is seen in figure 6, a side view. 
The basals are five, irregular in size and shape and extend out* 
ward beyond the basal funnel. The line bounding the funnel 
is rather sharp instead of rounded as in Granulosus, Two of 
the radials are large and rest on the basals while three are 
much smaller, triangular and lie between the lateral sutures 
of the other two. The posterior paired radials are separated 
from the basals by a broad pentangular anal plate. The radial 
processes are large and abnormally broad, leaving but a nar- 
row shoulder for the arm base. Some of the specimens of this 
and the succeeding species seem to be without basal plates 
or they have been very small and removed with the stem base. 
See Figure 9. These fossils differ some from Miller's types. 
Specimens from the same formation and locality as the last. 

Pisocrinus globosus? Ringueberg. 

Platb XVI. Figs. 8, X 2. 

There is some doubt about tlie correct identification of this 
species, and in case it should prove to be distinct, it might be 
called Pisocrimis spliaericus. Specimens of this species are 
smooth and the largest collected at die St. Mary's locality. 
The basal pit is a rather broad inverted funnel with a rounded 
boundary below. The basal plates if present are very small 
and concealed beneath the top stem joint. They have prob- 
ably been removed from the bottom of the pit. Tlie radial^ 
as in the above species are five, two of them rearching the basals 
and the other three much smaller and mere wedges between tlie 
two larger radials and a broad anal piece. The radial processes 
are broad and leave less than half of the radial width for the 

attachment of the arm. 

Horizon and locality same as the last. 

Pisocrinus slabellus, n. sp. 

Platb XVI. Fio. 10, 11, 12 X 2. 

This is another smooth species and differs from the last 
species in the possession of rather large basals and very narrow 
radial processes, thus leaving rooni for broad arm bases. The 
basal pit is rather large and with a sharp boundary above. 
The five basals form a triangle that extends beyond the pit. 
Two of the radials rest upon the basal triangle; one a small 
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triangular* piece lies like a wedge between the two larger ones, 
hardly extending half the length of the body, downward. The 
other two are adjoining and rest upon a rather broad azygous 
plate. 

Horizon and locality same as the last. 

Cyathocrinus? ovalis n. sp. 

Platr XVI. Fio. 13, 14, 16, 16 X 2. 

This species is almost certainly not Cyathocrinus. Our ma- 
terial consists of four, small oval bodies, all of which are 
figured on the plate. The stem scar is minute. The under 
basals are five in number, quadrangular and elongate forming 
a cup of considerable depth. The basals are five, elongate and 
hexagonal. The third ring of plates consists of five radials 
and an anal inter radial of somewhat smaller size than the ra- 
dials. The plates of this third ring are a little broader than 
long. 

The diameter of the calyx through the middle of the basals 
is much the greatest lateral diameter, the radials tucking in 
foward the arm region and thus giving an oval form to the 
calyx. All of the plates are smooth and rather heavy (thick). 
The scar for the arm base is nearly the full width of the 
radial. The basals are considerably convex about their centers, 
giving a pentagonal outline, in an end view of the body. See 
figures 13 and 15. This lobed character even extends to the 
under basals but less so than in the basals. 

Htorizon and locality same as the last. 

Lecanocrinus hemisphericus, n. sp. 

Platb XVI. Fios. 17, 18, 19 X 2. 

The excavation for the stem base is small and shallow. 

The underbasals form a flat pentagon around the basal 
excavation and are small and 3 in nimilDer. The five basals 
are large, as broad as long and three of them i)entagonal 'while 
two are hexagonal. The radials are five in number, broader 
than king and pentagonal in outline. The ami base occupied 
the entire width of the upper radial edge. Lying between 
the upper sloping edges of two adjoining radials and the lower 
edges of a radial and second anal i)iece is a small quadrangular 
first anal. The second anal lies between two radials, the firA 
anal and the upper slo])ing axXgQ of a basal and extends a little 
above the top of the radials. 
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' The greatest width of the calyx is a little below the top of 
the radial ring. There is little convexity to the plates. The 
surface of all the plates is very finely granular and scarcely dis- |. 

cemible low ridges pass from plate center to plate center. 
Locality and horizon same as .the last. 

Cordylocrinus? dubius, n. sp. 

Platb XVI. Figs. 20, 21, 22 X 2. 

This little crinoid has nuich the appearance of Macrostylo- 
crinus both in outline and ornamentation, but differs in the 
shortness of its costals, anchylosis of its basals and the pres- 
ence of but one interradial to the area on the doral side. 

There is no basal excavation for the column but a slight ele- 
vation, almost a rim. The columnar canal is apparently round 
and minute. The use of a lens and a strong light fail to dis- 
close interbasal sutures. It is therefore probable the basal 
plates are anchylosed, forming a broad but not deep cup. 

Five large radials, broader than long, rest upon the basals. 

Near the top of the radial there is a thickening of the test 
that throws nearly half of the radial width into a fold form- 
ing a lunular scar above on which rests a short, very small, 
quadrangular first costal. Of less width and no greater 
length is tlie second costal, a bifurcating plate. The upper 
part of the depressed area between the radial folds is oc- 
cupied by a single anal plate that bends over on the ventral 
side. 

The dorsal plates are ornamented l)y fine lines that follow 
the basals and radials longitudinally and cross the depressed 
areas from radial lobe to radial lobe. One-half of the 
dorsal surface is preserved and is composed of rather strong 
ambulacral ridges and depressed triangular interambulacral 
areas made up of a few plates. The ambulacral plates are 
small and apparently form double series. 

The anal area differs little from the interradial spaces, 

with no apparent difference on the dorsal surface. There is 

no apparent ornamentation on the interambulacral spaces but 

the ambulacral ridges seem to be corrugate. 
Locality and liorizcMi same as the last. 
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Stribalocystis missouriensis Rowley. 

Plate XVI. Figs. 23, 24. 

This little cystoid was described in the American Geolo- 
gist for February, 1900, page 71, and figured on plate IL 
(Figs. 40, 41). There is an excavation in the basal plates for 
a medium size, round column with a central canal, apparently 
round. ' Of the four plates of the basal ring the larger two 
are pentagonal and the smaller two quadrangular. Resting 
upon these four plates is a ring of six larger ones, two of 
which are pentagonal, two hexagonal and two heptagonal. 
These are variable in size, the pentagonal being smallest. 
There are eight plates in the next ring and about sixteen 
smaller ones in the ventral disk. 

There is a small anal opening near the edge of the disk 
and six or seven other small perforations just above the third 
row of calyx plates. Around four of these latter canals are 
surfaces apparently for the reception of arm bases. All of 
the plates are quite convex and ornamented by strong radiat- 
ing ridges or a central node and ridges. 

Figure 23 is a side view of the type specimen and figure 
24 a basal vie\y of a much smaller specimen. 

Locality and horizon same as the last. 

Stribalocystis? elongatus Rowley. 

Platb XVI. Figs. 25, 26. 

This little cystidean is almost certainly not stribalocystis. 
The only two specimens collected are imbedded in the lime- 
stone in such a way as to make uncertain the number of plates 
to the ring. 

There are either three or four elongate basal plates, four 
or five in the second ring, five or six smaller plates in the 
third row, six or seven still smaller ones in the fourth row 
and a number of small crown plates. 

Neither of the specimens show any openings, pectinated 
rhombs, or appendages except a short piece of the column. 
The stem is quite large and tl>e part attached to one of the 
specimens lias seven joints as in figure 25. 

This species was described in the February, 1900, Amer- 
ican Geologist, page 71 and figured on plate 2 (figure 39). 

Collected from the Delthyris limestone at Red Rock Landing, Pern- 
Co., Mo. 
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Melocrinus wittenbergensis, n. sp. 

Platb XVI. Fig. 27. 

The only specimto collected is small and injured on one 
side. The color is quite black. 

The four basals form a short neck. The first radials are 
a little wider than long^, and hexagonal. The second radials 
or first costals are wider than long and pentagonal. The 
second costals are wider than long, pentagonal an<l bifurcat- 
ing, supporting above a double series of two distichals each 
to the arm bases, or rather brachial rays. There is very lit- 
tle difl:'erence in the size of any of these radial plates. There 
is a single heptagonal interdistichal plate. The lowest inter- 
brachial rests between the sloping upper edges of the radials 
and the lateral edges of the costals and is seven sided. Above 
this latter are two other interbrachials, somewhat smaller, or 
three interbrachials in all. 

The azygous side is injured so that no diagnosis can be made 
of the anal interradius. The plates of the ventral disk are 
quite large and each has a short central tubercle. The plates 
of the dorsal side have little convexity, the costals, imder a 
magnifier, having the appearance of an ill defined central tu- 
bercle. 

The anal tube or opening is broken away in the speci- 
men. There is a slight basal excavation for a rather strong 
column. 

Delthyris limestone, a mile and a half below Wittenberg, Mo. 

Troostocrinus? dubius Rowley. 

Plate XVI. Figs. 28. 29. 

This little blastoid was figureil and described in the Feb- 
ruary, 1900, num.l>er of the Amkricax Geologist. (Plate 2, 

Figs. 36, 37^ 38.) 

The three basal plates form a triangular, pyramidal cup. 
Hight and width about equal. The radial sutures apparent- 
ly extend to the top, as no interra<lials are visible externally. 
The top of the anal interradial area projects somewhat above 
the tops of the other areas in some of the specimens. Ex- 
cept the anal opening and the central uncovered area, no oth- 
er openings are visible. 

The ambulacra are over a third of the length of the entire 
body and lie a little below the edges of the radial lips, llie 
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number of pore pieces on either side of the lancet in each 
area is from fifteen to twenty. 

Xo columnar cicatrix can be seen' on any of the nine 
specimens and if present, the stem must have been very slen- 
der. We have a strong suspicion that it had no stem. . The 
ornamentation of the plates is fine parallel striae. 

Horizon and locality same as the last. 

Calceocrinus alleni, n. sp. 

Platb XVI. F1O8. 30, 31, 32. 38. 

The two sinaller basal plates of this species are shown in 
figure 32. The columnar excavation is shallow and the col- 
umnar canal small and apparently round. The third basal is 
shown in both figures 30 and 31. As usual it is nearly as 
broad as the body and short, forming a gaping suture with the 
two smaller plates. The two latteral radials are large and 
bend upon the posterior side, but do not apparently meet and 
separate the two anterior radials. The lower anterior radial 
apix?ars to l>e quadrangular instead of triangular. Tlie upper 
plate is wanting in our specimens, but was undoubtedly quad-, 
rangular with its short side resting on the upper short side 
of the post-anterior radial. This arrange\nent seems to 
make the lateral radials pentagonal. Arms and column un- 
known. Surface apparently smooth. 

This interesting crinoid is named specifically for my 
friend, the collector, Mr. Thos. W. Allen, of St. Joseph, Mo. 

The types were collected from the Clinton division of the Niagara 
Limestone at Watson Station, Pike Co., Mo. 

Glyptocrinus insperatus, n. sp. 

Plate XVI. Fios. 34. 42, 43. 

From the round stem base, five folds or rounded ridges 
pass out almost horizontally to the centers of the five rather 
largo basal plates. Folds of similar strength, extend from 
the centers of the basals to the centers of the radials, forming 
^\i^ broad, inverted V's, a single strong fold or ridge follow- 
ing the remaining radial area to the center of the second cos- 
tal, bifurcating there and passing into the amis.. 

The center of each interradial plate is occupied by a small 
tubercle from which radiate six or more delicate ridges ro 
adjoining plates. The radials are pentagonal, the first cos- 
tals hexagonal, the second costals pentagonal and axillary. 
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There is little difference in the size of the radials and costal>. 
Tliere are three distichals above tlie axillary second cOi>ta^ to 
where the wedge shaped arm pieces begin. 

Amis, rounded, continuations of the radial folds and com- 
posed of a single series of wedge-shaped pieces that give off 
alternately rather long, slender pinnies whose joints are long 
and grooved on the ventral side rather deeply. The pinules 
near the base of the arms are much stouter. The interradial 
areas somewhat depressed and each filled by a series of i. 2, 
2, etc. plates, the lower and larger one of which is hexagonal 
and lies between the first costals, its lower angle filling a 
shallow V between the upper edges of the radials. 

Ventral surface unknown. Infra-basals, if present, not 
visible beyond the stem base. Arms apparently long and ten 
in numbeV. 

Column round with every third or fourth joint much wid- 
er than the rest. 

Locality and horizon: two and one-half miles northeast of Edge- 
wood, Pike county, Mo., and from an earthy limestone of the age of 
the Clinton group. 

Glyptocrinus insperatus var. pentagonus, n. var. 

Platb XVI. Fics. 35. 3G. 

This fossil is somewhat larger than the preceding one 
with much stronger radial folds or ridges and iViore distinct 
stellate ornamentation of the plates, especially the interradials. 
A fold; quite as strong as the radial ones, passes up the mid- 
dle of the anal area from the center of a basal. The five 
double folds of the basal region form a flat star and the in- 
verted V's fomied by fold^ from the centers of the radial to 
the centers of the basals together with the rays of the basal 
star bound deep diamond-shaped areas. 

The interradial areas are flat, the ' anal interradius being 
broader than the other four. The plate arrangement is ex- 
actly as in figure 34. Fine granules cover the surface of the 
plates. 

The specimen preserves the calyx to the top of the second 
costal which is a bifuricating i)late and there are i>erhaps but 
ten arms. 

The columnar base is round and the perforation rather 
small. Four of the basal plates arc perhaps pentagonal (in 
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the absence of infrabasals) and one hexagonal. The raclials 
are larger than the basals and heptagonal. First costals hex- 
agonal. Second costals . pentagonal. 

The first interbrachial is hexagonal and followed above by 
two smaller plates. No higher plates are found on the imper- 
fect type specimeii. A large hexagonal first anal is succeeded 
by three plates above, the middle of the anal area t)eing trav- 
ersed by a strong fold or ridge. The granular surface char- 
acter, the absence of central nodes and the very strong rad- 
iate ornamentation and ray folds may be sufficient to separate 
this crinoid specifically from the fonner species. If so, the 
proposed varietal designation may lx?come the name of the 
species. 

Were it not for the fewness and size of the interbrachial 
plates, both this and the previously described species might be 
referred to Ptychocrinus W. & Sp. (Gaurocrinus, S. A. M.). 
Horizon and locality same as the last. 

GissoG^rinus? problematicus, n. sp. 

Plate XVI. Kios. 37. 38, 39, 40, 41. 

Under basals three, of nearly equal size and fomiing a 
slight rounded rim below the basals. Two of them are five 
and the third four-sided. 

The anterior one is longer than either of the otlier tw^o. 

The basal plates are large and a little longer than wide, 
the posterior being heptagonal and truncate above to receive 
the first anal plate. The basal to the right of the posterior is 
also heptagonal while the one to the left is pentagonal. The 
right anterior basal is hexagonal and the left pentagojial. 

Two of the radial plates are much larger than the basals 
while three are of about the same size and one smaller. The 
large radials are the anterior and the one to the left of it. Tlie 
one to the right of the anterior has its upper eilgG below that 
of the other radials. The posterior radials rest between the 
sloping upper edges of basals a little more deeply than 
the others and are smaller, the one on the left of the anal 
area supporting above a costal of greater width, partly rest- 
ing on the first anal. The small radial to tlie right of the anal 
area supports alx)ve a costal of greater length and width part- 
ly supported by a basal. 
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The lunular scar for the reception of the first costal on 
three of the radials and on the first costal for the reception of 
the second costal of two of the rays are less than half the 
width of the plates. Supported by the first anal plate which 
is hexagonal of equal width and length and lying above a 
truncate basal and between two radials and the tw^o costals, 
is the second anal of ecjual size and shape as the first and 
lying partly betweeii the two costals. The surface of all 
plates is apparently smooth. 

The column was perhaps as wide as the underbasal rim 
and with a» medium canal. Arms and ventral surface un- 
known. 

In the equal underbasals, the number of anal plates and 
the incor|X)ration of two first costals in the calyx, this little 
crinoid seems to differ quite widely from Gissocrimis and, in 
fact, all other cyathocrinoids. Its nearest affinities, however, 
seem to be witK the cyathocrinoids and the genus Gis'socrinus. 
Anomalous as the statement mav seem, the two costals men- 
tioned in the description have every appearance of radials ex- 
cept as to location. 

The specimen came from the oolitic division of the Clinton group, 
three miles west of Louisiana, Mo. 

Glyptocrinus insperatus? var carinatus, n. var. 

Plate XVI. Fig. 56. 

This little crinoid, imperfect as it is, lying half imbedded 
upon a slab, lias the appearanlce of being congeneric with 
figs. 34, 35, 36 and possibly, co-specific, agreeing with the 
three ^n its long slender pinnies and the character of its stem, 
but differing in the possession of strong keel-like nodes on 
its basal plates. The portion of stem attached to the base is 
composed of thin, uniform, round rings. An inch away ev- 
ery third or fourth stem joint is broader tlian its fellows, as 
shown in the figure. Jjettcr specimens may show this form 
to be a good species. Of the body plates but little can be 
made out beyond the fact that there arc five keeled basals and 
fivQ larger radials with a central indistinct ridge, each. 

The portion of a larger stem lying among the arms is of a 
larger specimen and shows well the character of the assoc- 
iated columns. 
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The specimen conies from the Clinton beds three miles northeast of 
Edgewood, Pike Co., -Mo. • 

Lampterocrinus? comptus, n. sp. 

Platb XVI. Figs. 67, 58. 

The specimens of this crinoid are so fragmentary as to 
render a description more or less imperfect. Detached plates 
are not uncommon but perfect bodies are not known. The 
two specimens figured preserve enough to show that the spec- 
ies had a slight basal rim about a shallow stem cicatrix, five 
basals and five larger radials, with two costals to the ray. 
The regular interradials are in Series of i, 2, etc. and the 
anal area of i, 3, etc. Radiating ridges cross from center to 
center of adjoining plates. 

The specimens are from the Clinton oolite three miles west of Lou- 
isiana, Mo. 

Crinoid stems. 

Plate X VI. Pigs. 42, 43, 44, 46, 46. 

The stem represented by figs. 42, 43 is that of a Glypto- 
crinus, perliaps, as also the specimen near the top of the page, 
differing none from the lower part of the stem* belonging to 
fig- 56, except in size. 

Figure 46 is a related stem but coming from the oolite 
west of Louisiana while 42 and 43 are from th-e earthy Clin- 
ton beds near Edgewood. 

44 and 45 are doubtless a Mariacrinus stem associated- with 
42 and 43. 

Crinoid stumps. 

Platb XVI. Figs. 64, 56, 59. 

The figures 54 and 55 are of a specimen from the red and 
yellow-banded Niagara limestone of Ste. Genevieve Cb., Mo. 
The specimen is without roots, being merely expanded below. 

Fig. 59 is from the same horizon and locality and possesses 
roots. 

Crinoid bases. 

Platb XVI. Pigs. 48, 63. 

Figure 48 is composed of three basal plates with sutural 
ridges and a round protuberant stem base. From the Clinton 
oolite, three miles west of Louisiana. 
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Figure 53 has apparently five basals and a pentagonal 
stem base. The plates are ornamented by small nodes and 
ridges bordering the sutures. From the Niagara of Ste. Gene- 
vieve coimty. 

Crinoid plates. 

Platb XVI. Figs. 49, 51. 

These plates perhaps belong to some species of Lamptero- 
crinus, Clinto.. oolite, Pike Co., Mo. 

Cystoid Plates. 

Platb XVI. Figs. 47, 50. 62. 

These are found associated with the crinoid plates above. 

A single plate of Caryocrinus ornatus was found at the St. 
Mary's locality, but the writer failed to find Edriocrinus in 
the Delthyris beds at Red Rock Landing. 

Skenidium? nodocostatum, n. sp. 

Plate XVI. Figs. 60, 61, 62, 63. 

This little shell has some external resemblance to Orthis. 
However, the few, strong plications, rather high cardinal 
area and other features separate our species from that form 
and, as it bears a strong resemblance to Skenidium w^e have 
ventured to place it under tliat genus, in the absence of struct- 
ural material. 

The cardinal area is less than the width of the shell, not 
high and with an uncovered deltidium w-hose sides are almost 
parallel. The brachial valve is somewhat convex with a broad 
illy defined sinus occupied by two plications smaller than the 
ones Iwunding the area. Either side of the sinus is covered by 
three strong plications with three other smaller implanted 
ones, not reaching the beak. 

The pedicel valve is slightly more convex than the brach- 
ial without fold, but w^ith a strong central plication. Either 
side of this central costa arc three strong ribs or plications 
with an equal numlKT of smaller implanted ones as on the 
brachial valve. 

The beak of the brachial valve protrudes beyond the car- 
dinal area of the pedicel valve, displaying a narrow brachial 
area. The beak of the pedicel valve is almost retrorse. 
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The transverse lines of g^rowth are strong and give to the 
plications where they cross, a nodose appearance. The shell is 

indistinctly bilobed. 

From the Niagara limestone, six miles west of St. Marys, Mo. The 
shell is rare and the collection contains- but three specimens, two of 
which are figured. 

Found associated with Pisocrinus granulosus and Stribalocystis 
missouriensis. 

EXPLANATION OF PLATE XVL 
Pisocrinus granulosus, N. Sp. 

Figs. I and 2. Basal and anal side views of the type, two diameters. 
Fig. 3. An aberrant specimen, side view X 2. 

Pisocrinus gorbvi? S. A. Miller. 

Fig. 4. Side view of. a large specimen, two diameters. 

Figs. 5, 6, 7. Basal, side and top views of another specimen X 2. 

Pisocrinus globosus? Ringueberg. 

Side view of a large speciniitn X 2. 
Basal view of another specimen X 2. 

Pisocrinus glabellus, N. Sp. 

Side view of a very large specimen X 2. 

Top view of a smaller Specimen X 2. 

Basal view of a small specimen X 2, showing large basals. 

Cvathocrinus? ova lis. N. Sp. 

Figs-. 13, 14. 15. Basal, side r.nd top views of three diflFerent speci- 
mens X 2. 

Fig. 16. Side- view of a small individual, two diameters. 

Lecanocrinus hemisphericus, N. Sp. 

Figs. 17, 19. Side and top views of two small specimens X 2. 
Fig. 18. Basal view of a large example, two diameters. 

CoRnvLocRiNi's? Dumrs, N. Sp. 

Figs. 20, 21, 22. Lateral, dor.-al and ventral views of the type X 2. 

Stribalocystis missouriensis Rowley. 

Fig. 23. Side view of the type, natural size. 
Fig. 24. Basal view of a small specimen X 2. 

Stribalo^ystls ? elongatus Rowley. 

Fig. 25. Side view of the type specimen, natural size. 
Fig. 26. Side view of another specimen, neural size. 

Melocrinus wittenbergensis, N. Sp. 
Fig. 2"/. Side view of the type, natural size. 

Troo.stocrinus? dubius Rowley. 
Figs. 28, 29. Side views of two large sp«:cimens, natural size. 
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Calceocrinus alleni, N. Sp. 

Figs. 30, 31. Side views of two different individuals, natural size. 
Fig. 32. Basal view, showing columnar excavation and two basal 
plates X I- 

Fig. ZZ. Side view of another individual, natural size. 

Glvptocrinus insperatus, N. Sp. 

Fig. 34. Side view of a specinnen preserving the arms and pinules 
X I. 

Figs. 42, 43. Side and end views of a column, probably belonging 
to this species, natural size. 

Glyptocrinus insperatus var. pentagon us^ N. Var. 
Figs. 35, 36. Side and basal views of the type, natural size. 

Gissocrinus? problem aticl's, N. Sp. 

Figs, yjy 38, 39, 40, 41. Side and basal views of the type specimen, 
natural size. 

Figs. 44, 45. End and side views of a quadrangular stem belong- 
ing to some species of Mariacrinus, associated with 34, 35, 42, X i- 

Fig. 46. A stem from the Clinton oolite, associated with 48,. 49, 50, 

51, 52, X I. 

Figs. 49, 51. Crinoid plates from the Clinton oolite, nat. size. 

Fig. 48. The three plate basal ring of a crinoid, nat. size, associ- 
ated with 49, 51. 

Figs. 47, 50, 52. Plates of Cystids, nat. size, associated with 48, 49, 

51- 

Fig. 53. Base of a Crinoid from the Niagara of Ste. Genevieve Co., 
nat. size. 

Figs. 54, 55. Side and top views of a Crinoid stump from the 
Niagara, of Ste. Genevieve Co., nat. size. 

Fig. 59. Side view of a Crinoid stump with roots. Niagara, same 
locality, nat. size. 

Glyptocrinus insperatus? var. carinatus, N. Var. 

Fig. 56. View of the type as it lies imbedded on a slab, nat. size. 
The dotted line connects the top of the stem with another 
fragment about an inch away, the intermediate portion hav- 
ing beeai destroyed by some agency. 

Lampterocrinus? comptus N. Sp. 

Figs. 57, 58. Basal views of two specimens, preserving portions 
of the calyx. Natural size. 

Skenidium? nodocostatum, N. Sp 

Figs. 60, 61, 62, 63. Cardinal, pedicel, anterior and brachial views 
of the two type specimens, natural size. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

Reviews and Translations by William Hbbbbrt. Hobbs. 

IV. Japan* (Second Paper). 

C. The STRurruRE as a whole and the lines of dislocation. 

In the two preceding sections of this paper, were treated individual 
parts of the two wings of Japan; in the two following will be considered 
such phenomena as are common to the two wings or concern the- islajid 
country in general. 

The Great Trattsterse Fracture. In the vicinity of the 138th degree 
of cast longitude there appears to one who approaches from the east, 
a series of striking phenomena following in rapid succession, and these 
cause an important change in the landscape. First there arc the frag- 
ments of the walls of an extended kettle-like sinking in the ancient 
range, from the middle of which the beautiful cone of Fuji-yama rises 
to a hight of 3728 meters ; then the distinct series of well preserved 
volcanic cones in the straight line of Fuji-Yatsugadakc ; further the 
kettle of Kofu, sunk into the granite of the Kimposan, which rises 
to 2550 meters. But the rarest surprise is furnished on the west side 
of the road leading from Kofu to Suwa lake by a rectilinear high 
wall above which becomes visible in the west somewhat later the 
granitic Komaga-take rising in the immediate neighborhood to the 
hight of 3000 meters; and by the observation that here steeply uplifted 
ancient schistose rocks are in place with almost meridional strike, 
while to the eastward from Kofu the dominating equatorial strike 
direction was recognizable within a somewhat confused complex. 

It is obvious th-at that stretch of road follows a great fracture of 
the cruist. The geological map allows us to now easily recognize it*^ 
course in detail. Westward from Fuji it is exactly meridional in a 
stretch of 88 km from the coast city of Schidsuoka to Nirasaki which 
Hes westward from Kofu ; then it follows for 72 kilometers the direc- 
tion N 42° W until west of Matsumoto. From here to the north coast 
(90 k. m.), it runs again meridionally, but in a flat arc concave to the 
eastward. The entire length of the line is. therefore, 250 kilometers. 

The following phenomena are connected with this line : 

1. in a purely' morphographic sense the line indicates the limit of 
a sleep wall and a furrow reaching from sea to sea. If the bottom 
of the latter does indeed rise in the vicH?ity of Suwa lake to above 
800 meters, it is none the less an important line of commerce. 

2. The fundamental complex of the entire country lies deeper in 
the east than in the west. Here is the wall of the ste-ep break in the 
highest upbulging of the land mass of Japan, toward which the funda- 
mental complex, with its granites, gradually rises from the west, 

* In the last paper of tlie series (this jonraal September. 1904) was begun 
a translation of the fifth paper by v. Richtofbn .in his studies of the geomor- 
phology of east Asia. 
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so that in the Kisso range and in the Hida range it reaches its great- 
est elevation in the vicinity of that descent. On the east side the 
basement vanishes at once, completely covered by later deposits, and 
where it becomes visible again in the Kwanto range and farther to 
the north, it rises only rarely to a little more than 2000 meters. Even 
the granite domes, which in reference to the relation's of altitude have 
an independent position, are lower than those of the west. Harada 
has called attention to the regional value of these differences in eleva- 
tion. 

3. The fracture line cuts off diagonally the strike directions of the 
western ranges in the principal stretch from Nirasaki to beyond 
Matsumoto, under angles of 40® to 60" ; in the two N-S stretches, how- 
ever, it is approximately parallel to them ; it is as if it were deflected in 
sections by the lines of the internal structure, as is so often the case 
with continental arcs of the plateau borders. 

4. To the eastward from the fracture, the strike directions of the 
western ranges do not again appear. All observens agree in this that 
in the Kwanto range, in spite of many irregularities, the direction 
NW-WNW is to be considered the normal one. A bending around of 
the strike from one side to the other it has not been possible to prove, 
since the connection is interrupted. It is also in itself not probable 
because to the north of the Akkaischi-yama a bending back of the beds 
occurs from N by E to N. Further, the gneiss band of the north 
zone, in which the Tenriu-gawa flows, is no longer visible upon the 
east side. 

5. A support for a determination of the time of the sinking in, 
it is not yet possible to obtain ; since the circumstance that the entire 
north wing of Japan, from the great fracture line to the borders of 
Abukuma and Kitakami, is covered over with heavy marine Tertiary 
deposits of Miocene and Pliocene .ige, whereas they are restricted in 
the west of the fracture line to the coasts and lower-lying portions, 
does not suffice; and from the distribution of the Trias, as well as 
portions of marine and in part continental development of the 
Jurassic and Cretaceous, certain conclusions are not yet to be drawn. 
The analogy also with the numerous meridional fractures of cast Asia. 
for which in general the beginning probal^ly (Kcurrcd in early Mesozoic 
time, and further development in later periods, cannot l)e here ap- 
plied, since this fracture furnishes in comparison with the others, much 
tha*. is peculiar. 

The Volcanic Series of Fuji and the Line of Islands in the Bonin 
Kid fie. The volcanic scries of Fuji stretches to the eastward of the 
great cross .'racture transversely through Hondo, furthermore not 
in a straight but in a broken line. The mean direction can be 
regarded as parallel to that of the cross fracture; but this docs not 
hold true for the individual sections of both lines. According to the 
present view of the Japanese geologists, the Fuji volcanic series begins 
in the north with the group of Mioko-^^an, whose peak is distant 26 
kilometers from the coast. The line runs from it S 10" E to the Tates- 
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china-yama (2530 m.), distant 90 kilometers; from it a line . of the 
series directed S 25" E touches the peaks Yatsugadake (2932 m.), 
Kayagadake (1240 m.), Fuji-yama (3728 m.), Aschitaka-yama 
(1187 m.), Amagisan (1386 m.), and reaches beyond the island oi 
Niijima to the island of Myakejima, which is distant from Tates- 
china 255 kilometers. Here it meets a loxodromically straight linie, 
likewise sharp, and directed from N 10* W, to S 10* E, which extends 
through young and generally very small volcanic islands characterized 
for the most part by present activity, in a length of 1,200 kilometers. 
Belonging to it are: O-schima (34^ 44' N), Miyakejima (34** 5'N),and 
with for the most part greater intervals, seven small islands and reefis, 
to Ponafidin and Lot's Wife (29° 48' N), then Rosario (27* 16' N), 
and the volcanic islands stretching from 25® 25' to 24** 18'. At a distance 
of 130 kilometers to the east rises the almost parallel series but yet 
slightly curving into an arc (convex to the sea) of the somewhat 
larger Bonin islands, 120 kilometers long, for which series the Japa- 
nese use the name Ogasawara-jima. Yoshiwara has found numrnu- 
litic limestone upon them. Based upon the interlamination of tufa 
and upon other phenomena, the conclusion has been drawn that 
here the volcanic activity has reached from the Eocene time into the 
Miocene, nnd since a subsequent elevation appears not to have occurred 
the entire series of islands must be considered as an older one in 
respect to that just mentioned. 

Soundings have shown that the islands are raised above the sub- 
marine ridge which has been designated the Bonin Ridge. It is not 
certain whether it can be surrounded by the 2,000 meter line; yet it is 
probable that it extends southward to 2o'*N. Concerning its relations 
to the ridge of the Mariannes, no conjecture can yet be made. 

The Great Japanese Volcano Arc (Bandai Arc). If the portions 
of the great continental framework which are above the sea, marked 
out by the Japanese islands, allow the internal connection and the 
history of their ancient basement to be made out but incompletely, 
certain lines of great disturbance in later time, which were connected 
with important neo-volcanic processes, are so much the more distinctly 
drawn. Among these new dominating lines (Leitliuien) which came 
into being in middle Tertiary time, that one is by far the most striking 
which is genetically connected with the volcanic arc here under con- 
sideration. It follows neither the direction of the strike nor of 
recognizable ancient fractures, nor does it show any dependence upon 
the deflections which the nortlr zone and south zone of South Japan 
have been subjected to on their east end, but it intersects each of 
these elements at arbitrary angles. The tendency of the teast Asiatic 
arcs which are convex toward the ocean, is, as was shown, not to be 
made out in any part of the fundamental complex; here in the great 
Bandai arc of volcanoes it holds true for the first time in a strict 
senise. The arc intersects North Japan in the middle line a-nd is like- 
wi.se marked out by massive volcanic formations as well as by basins 
depressed upon either side. If westward from Satporo, in Yezo, we 



286 The American Geologist. November. i904. 

start out from Yoitschidake, which rises at the intersection of 140* E 
and 43" N, the series of volcanoes follows this meridian to th't 
southward in great stretches ; northward, also it has been attempted to 
extend them by two degrees of latitude to the volcano of the island 
of Rischiri, 1740 meters in hight. Southwards the series deviates to 
the west from the meridian for the first time, where it leaves the 
pastern environs of the Kitakami mountain country in order to go 
over westwards from Sendai and to the northern portion of the 
Abukuma mountain country^ Here in Sao-san (1964m.) it has al- 
ready reached 140 V^^ E and has nearly attained 38" N. In the environs 
of the circular lake Inaw?i«chiro above which the Bandai-san rises to 
a hight of i960 meters, it is broadened out to a double series, of which 
the eastern one runs SSW to Na5u (1912 m.), then southwest to 
Nan-tai-san (2483 m.), near Nikko, thereupon WSW to Akagi-san 
(1839 m.), and finally W by S to the Asama-yama (2480 m.). Here 
it has reached a longitude of 138* 35' E, a latitude of 3^ 25' N, 
and comes into the immediate neighborhood of the Fuji series. 

Thus apparently ends the beautifully curved arc. But at this end 
is joined a meridional cross series which is parallel to the northern- 
most stretch of the Fuji series and is distant from it 36 kilometers. 
Asama, Schirane (2253 m.), Iwasuge (2515 m.), Hennomine (1804 m.) 
and Ammamisu (1090 m.), arc its peaks. It is more worthy of note 
that in the exact extension of the arc itself to the W by S beyond the 
Fuji zone and the great fracture rim lies the unique volcanic series 
in the great region of eastern South Japan. Norikura (3166 m.), 
Hakusan (2640 m,), Dainitschi (1236 m.), and Kunimi-dakc (638 m.) 
mark it out. Kunimi lies upon the sea in the meridian of the Biwa 
lake 225 kilometers distant from Asama. The length of the entire 
volcanic arc from Rischiri is nearly 1300 kilometers. 

The penetration of this arc across the great fault cleft into a 
differently constructed mountain country, reminds one of the penetra- 
tion of the Aleutian arc into the central range of Kamtschatka, or of 
that of the Kurile arc into the Hidaka chain of Yezo. and of the 
Liukiu arc into the transversely directed structure of Kiusiu. As in 
the first case, so it appears also here, as if the reappearance in a 
foreign region were connected with special intensity of expression ; 
for the Nurikura, like the Asama-yama, is the focus for a transversely 
directed series to which the Qntake (3185 m.), in the south and the 
Iwodake in the north belong. 

The great volcano arc — which I w'ill call from a generally well- 
known peak, Ihe Bandai Arc — is for North Japan the real dominating 
line of the most recent time. As a chain of volcanic islands like the 
Liukiu, the Kuriles, and the Aleutian islands, it had appeared in 
connection with the sinking of the land beneath the surface of the 
sea. As a transversely facing continent, with steep and sharply cut 
eastern border, should rise the land lying to the west of the great 
fracture. On this the arc should advance in flanking position and 
continue running over across it. The similarity with the flanking 



Tectonic Geography of Eastern Asia. — Hobbs. 287 

chains under consideration goes even further; for as in front of the 
place of contact of the Aleutian arc with the ancient continental mass 
of Kamtschatka, a line of high volcanoes runs to the SSW with an 
angle of ^ to 80" with the entering line, to be continued as a string 
of islands ; so here the Fuji series of volcanoes, likewise continues 
immediately before the pface of entrance with an angle of 80® to be 
extended in the ocean ais a series of islands directed S 10° E. 

If one considers the base from which the Bandai volcanic series 
rises, he recognizes that it is a sunken region. A fault margin accom- 
panies this in the east and intersects the land without regard to the 
structure of the underlying rock, even if deflected at times by it for a 
distance. In the depression of Satporo upon Yezo, such incongruence 
is not yet observable. In Hondo to the westward of Kitakami and 
Abukuma the line of fracture coincides with the oft mentioned 
"median line," which, as was ^hown above, runs discordantly to the 
mountain structure and forms the natural trench for the commerce 

« 

between south and north. The sunken region is covered ov<:r with 
young Tertiary sediments, rich in tuflF, which in the water parting 
Bandai range compacted by volcanic rocks were overtopped from E 
to W in passes of 600 to 1000 meters, and show upon the map altitude 
figures to above 1,200 meters. 

That still other recent vertical displacements have taken place has 
been indicated above; for the Tertiary deposits are lacking to the 
Kitakami mountain country; the Abukuma mountain country is ac- 
companied by them near the coast. Each shows sunken areas through 
its Rias coasts ; in the former country are evidences of negative trans- 
lation of the coast line. Still more the character of local occurrences 
is in keeping with that of tVie basin depressions tg the west of the 
divide, which are of importance for the form in detail. Like the 
latter, the individualized volcanoes which rise from kettle depressions 
on the west coast can here be considered only in passing. 

Perhaps they belong to the volcanoes which have no immediate 
connection wfth extended fracture structures, but are built up over 
isolated chimneys. 

D. GENERAL SCHEME OF THE MOUNTAIN CHAINS OF JAPAN. 

We arrive at the following results : 

1. The island of Shushima and the group of the Goto islands do 
not Ixlong to the structure of Japan, but are to be considered as 
members of the Korean arc. 

2. South Japan consists of two different independent ranges, 
namely: i. Ar^ cquatorially directed much degraded main body built 
up of gneisses and Paleozoic stdiments folded in post-Carboniferous 
times and greatly intruded l)y probably post-Carboniferous gran- 
ites, which main hddy as a whole has been pushed over to the 
south, through which its eastern end suffered a sharp bending with 
S E convexity against a no longer visible obstruction ; and, 2. A broad 
contiguous Mountain Zone (our Kuma Kii range) now retained only in 
one band, consisting of folded Paleozoic and perhaps Algonkian sedi- 
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ments with rare granite intrusions, whose folds originally striking in 
the Sinian direction (about W 30° S to E 30** N) were deformed by the 
southwardly migrated north zone to an arc convex to the N W 
and by internal compression has been soldered to the compressing 
range of the north zone along a long sharply drawn line. Where 
the latter experienced its sharp bending a nearly detached fragment of 
the south zone, the Akaishi range, was placed almost along the 
meridian side by side with the gneisses of the north zone, and now 
appears as if press-cd in l>etween the latter 'and the obstruction. In 
the north zone the inner (northern) portion suffered compression, the 
outer (southern) tension; hence we find in the former a compact 
frame work but irregularity of strike, in the latter regular strike but 
lateral opening, fracturing to horsts and sunken areas into which the 
sea penetrates in the form of bays which in part unite to form the 
interior sea. The granites appear to follow in part lines of fracture 
directed radially toward the outer zone. In the south zone on the 
other hand the outer (northern) portions of the arc were compressed, 
being crowded together upon a short line ; tliey close up the bays of 
the north zone and have brought al)out the narrowness of the entrances 
to them. The granites of the north zone end abruptly at the border 
line. 

3. The Equatorial main body is probably a continuation of the 
Tsinling-range, the Kuma-Kii range of an eastern member of the 
south Chinese mountain country. The arrangement of chains in the 
two ranges in South Japan corresponds to that which is the rule on 
the south side of the Tsinling. The Kuma-Kii range is a backwardly 
compressed arc soldered upon the lee side in the manner in which 
they there occur. A local deviation from the Clwnese structure is 
conditioned by the dragged backward l>ending of the eastern part of 
both zones. 

4. The position of the Nagasaki triangle is not to be determined 
since the observations at hand are not sufficient. 

5. The fundamental structure of North Japan inclusive of Yezo, 
is characterized by the presence of three broad strongly folded rectili- 
near zones parallel to one another and striking in the direction N 
by W to S by E; which from the names of their parts which appear 
as independent mountain masivcs may be designated at the Hidake, 
Kitakami, and Abukuma zones. The latter consists of gneiss ; in the 
structure of the two first mentioned Paleozoic share with (probably) 
Algonkian sediments. 

In the portion of North Japan lying between the ^\bukuma zone 
and the great transverse fracture, the places where the underlying 
rocks come out from beneath the enveloping cover furnish at present 
no adequate support for a conclusion regarding the structure. In the 
hill countries of Kwanto, Aschio. Vami>^o-Tsukul)a, and Etschipo the 
basement consists of similarly folded Paleozoic schists and granites, 
to which in the Kwanto hill country the (.Mgonkian) Sonibagawa 
stage is added. In the latter the strike is W N W, in the others it 
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varies so between northwesterly and northeasterly directions that no 
order is recognizable. 'J'he gneisses of Kino and Hida arc here lack- 
ing; apparently only the elements of the Kuma-Kii zone are present, 
and it is not proven that detached portions of the latter do not have 
an essential part in the composition of the region in question due to 
tectonic fracturing on a large scale. 

6. Two tectonic lines indicated by volcanoes invade from without 
the mass of Japan. The first of them is a, the Liukiu Line. It is con- 
nected with the Kuma Kii range as a promini^nt flank range. Its 
interior recognizable line beset with island volcanoes, shows its 
invasion in a meridional series of volcanoes transverse to the structure 
of Kiusiu and extends perhaps to beyond Asayama. The tectonic 
influence of lines which are parallel to the latter may be recognized 
in the abruptly terminated transverse coasts of southern Kiusiu. The 
second of the tectonic lines is b, the line of the Bonin ridge beset 
with the volcanoes of the volcanic islands, Bonin islands, Schitschito 
islands, and other numberless volcanic islands arranged in the direction 
S by E to N by W. In the continuation of the latter line deviated 
toward the N N W, rise the volcanoes of the Fuji series. The unusu- 
al significance of this chain for Japan may be recognized in many 
different phenomiena. For not only does this series of volcanoes run 
through the entire island of Hondo throughout in its broadest place : 
it is also accompanied by a very important fault, which calls attention 
to the variety found in the plateaus (Landstaflfeln) of the continents 
in thisi respect that the form of the land bordering upon the west 
noticeably ascends till it reaches the fault cleft and then an abrupt 
descent follows toward the deeper step; it appears, however, not to 
take place in step fractures, as is usually the case. A third matter of 
the utmost import is the drag on the zvest sia^ of the great cross frac- 
ture. One cannot avoid Naumann's conclusion that where the depres- 
sion has occurred a solid obstruction existed, which lay in the line of 
the Bonin ridge. This is strengthened by the consideration that the 
Bonin ridge with its no longer projecting northwestern continuation, 
as regards position and direction, appiears as a fourth member in the 
parallel series : Hidake, Kitakami, Abukuma. 

The Bonin ridge with the Fuji zone indicates, indeed, that from 
here toward the east lay a continent which diflfiered from the western 
with its equatorial arrangement by possessing a meridional structure: 
and' the conclusion is near that it is this once more highly projecting 
structure on whose wicstern border the Japanese portion of the Tsin- 
ling range has been dragged by its southwardly directed mass mi- 
gration. A glance at China has shown that there chain after chain 
among the parallel members of this body has suffered an arc-like 
dragging off from north to south. The behavior here considered is 
analogous ; it appears, as though on the site of Naumann's Fossa magfta 
the last still persistently rtniaining member of the great trunk range 
suffered the same fate and at the same time tore away with it the 
Akaischi portion of the Kuma Kii range, while it nearly detached it 
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from its earlier connection and placed* it in a nearly perpendicular 
position. 

7. Development of the Japanese Arc. It is clear that the pro- 
jectihg portions of Japan do not correspond to the recognized charac- 
ters of compressed mountain ranges of the Alpine type. South Japan 
shows in the front an arc concave toward that portion of the earth 
space lying in front; we could compare it to a portion of the con- 
tinent taken from the Tsinling range and its adjoining ranges to tl« 
south. North Japan and Yezo on the other hand appear as fragments 
of an ancient continent of quite a different kind, placed transverse to 
the equatorial ranges of South Japan. If otue considers the two parts 
of the continent of which the fragments are visible, not yet intersected 
by volcanoes but reproduced in full extent, scarcely any portion of 
the coast could appear less adapted for the production of the mountain 
arc. But exactly as upon the continent and upon the coasts, the work- 
ing together of telluric forces furnished to the great fractures which 
they brought forth the tendency to join in great crescentic lines inde- 
• pendent of the internal structure, and thus to develop an extended 
structure of the plateau block kind with sickle-like border region and 
with upward-arching basin-like depression toward the interior. The 
Japanese inland country corresponds to these conditions in its entirety, 
the sea of Japan corresponds with the bottom of the basin. 

Like the other arcs which have been considered in these "studies," 
the Japanese has a meridional and an equatorial arm. The meridional 
arm is a diagonal horst ; that is to say, its long sides (the eastern and 
the western, or the outer and the inner) intersect in an acute angle 
the internal structure. The latter is as we have seen directed N by W. 
The axis of North Japan, and in like manner its coast line, curves 
from NE, through NNE, to N : hence correspondence with the strike 
never obtains. It follows that the force which here pro<:luced the 
meridional component of the arc on the west side of the Pacific 
ocean, as we have learned in all bther cases, was so powerful that the 
fault lines with it occasioned have courses without regard to any 
structures which were already present in its basement. Another 
property consists in its tendency in those places where the meridional 
arms join with the equatorial to form arc<<, to continue again some- 
what further west and form meridional arms of new arcs in flanking 
position. It should he^ here recalled that the bathymetric lines of 
the great deep do not go around Japan, but along the east side of the 
Bonin ridge in an arc which is convex to the eastward. 

In the equaitorial arm of the Japanese arc. the conjecture alrcrfcly 
expre>^ed is confimKd, that for the character of these components of 
the arcs, the Tsinling ranpe constitutes a partition in so far as tlie type 
of the gridiron of bhxrks (Staffclrostc) arising fnvni tensional frac- 
tures, as it occurs in Duurien nnd North Channel, dovS not appear to 
occur on the south side of that range. Of the Japanese equatorial 
limb every trace in fact is lacking. Otherwiije. the linis of the 
Sinian system are dominant in the general plan. However, the 
deformations which they have suffered have influenced their courses. 
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The coast brings into most marked expression the bending of the 
range so as to be concave to the south. As in the mani^er of its 
bending, so also in the abundance of embayments, it is the opposite 
to that which we are accustomed to see in the folded outer ranges 
of mountains of Alpine type. 

Of the Japanese arc, only the land which projects above the sea 
is shown. Whether compressed folded arcs lie in the slopes bordering 
the ocean or in its depth, is not to be determined. When I wrote the 
first parts; of these "studies," I considered it as probable, and con- 
jectured that through concentration by folding a compensation would 
enter for the, dilatation which has come about by reason of the tension 
toward the east. The analytical consideration of the structure in 
Japan has robbed me of the conviction. There is no trace of zonally 
folded arcs to be disco\'>ered in the fundamental complex. In vain 
one seeks it in the Mesozoic deposits. Compressed folds may indeed 
be present in the eastward slopes toward the Tuscarora deep; but it 
is not probable that they surround Japan in arcs. The assumption 
would be better based that they accompany the Bonin ridge upon its 
east side. 

8. The Bofidai Arc of Volcanoes is a recent expression of the arc- 
forming force. From the fracture field out of which it rises in a 
beautiful line, there have welled up, according to Harada, in Mesozoic 
time rocks of many types. Along with granites, which lie had in- 
clined to ascribe in part to a late age, there were especially diorytcs, 
quartz porphyries, and porphyrytes. A regularity in their arrangement 
cannot l)e made out. So much the more distinct is such an arrange- 
ment in the volcanoes which have been active since Tertiary time. 
Inclusive of Rischiri, Harada enumerated up to the Asama, 44 vol- 
canoes, of which 8 arc still active. The fracture field from which they 
rise may have come into existence in Mesozoic time. The formation 
of the connecting canals with the earth's interior along the extended 
continuous line, and on certain scattered laterally-lying positions, was 
connected with later events. There arose thus the first independent 
arc structure within the region of the Japanese islands. It does not 
follow the axis of the island arc; for if the northern portion does 
indeed fall in the median line of North Japan, it nevertheless deserts it 
before it reaches Asama; and if we follow its extension to the west 
where it is inserted in a most remarkable manner into an entirely dif- 
ferent mountain country, almost all of South Japan lies outside the 
line. It soon reaches the sea. In its prolongation lies, 3" farther west, 
the twin pair of the circular Goto group of islands, which are in part 
volcanic ; yet one might venture to assume a connection. 

This arc has as little foundation in the structure of Japan as have 
the cfxist lines of the north wing. It obviously depends upon the f(>rces 
which formed both, but it is in contrast with them, independent by 
its very simplicity, and throughout a long course. In it an analogy is 
furnished with the Aleutian islands and with the Kuriles. Since it 
rests upcn the ancient arc as something foreign, one may speak of its 
connection with it as epigenetic. * 
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THE SUBMARINE GREAT CANYON OF THE 

HUDSON RIVER. 

/ 

By J. W. Sprncbr, Washinston, D. C. 

(Subrnitted to Eighth International Geogrraphic Congress, New York.) 

(Advance Notice.) 

More than forty years ago, professor J.' D. Dana first ex- 
plained the channel of the continental border, extending from 
New York for more than a hundred miles, as the former 
course of the Hudson river, at a time when the continent stood 
higher than now (then known to be only 720 feet deep). In 
1885, professor A. Lindenkohl discovered that the shallow chan- 
nel became a canyon, and reached a depth of nearly 3,000 feet, 
but Vv^ith an apparent barrier across it. Since then, both pro- 
fessor Dana and Dr. Upham applied this feature as evidence 
of continental elevation of the Glacial period. On the evi- 
dence of incomplete soundings, in 1897 ^ ventured to point 
out that the valley was traceable to a depth of 12,000 feet. 
Recently I have found authentic evidence, from ^foundings by 
Lt. Com. Tanner, that immediately beside the sounding re- 
sponsible for the barrier hypothesis, he obtained another, 
which revealed a deep canyon, at this point, where the former 
depth had been taken on its side only. Then in the next four 
miles the floor drops in a step of 2,000 feet. Here another 
deep sounding, close upon an older and shallower one, shows 
a depth of 4,800 feet below sea level where the continental 
slope is submerged only 1,000 feet. Accordingly, there is a mag- 
nificent canyon, 3,800 feet deep, which at a little below its top is 
less than two miles wide. Just beyond is a tributary. This great 
depth is 31 miles from the head of the gorge, incising the 
level floor of the continental shelf, having two right-angled 
turns in its course. Beyond this point, the gorge is defined' 
and extends at least 11 miles farther. At 48 miles, the right 
w^all of more than 2,000 feet l>ecomes less precipitous, showing 
that the canyon is widening into a valley with the depth of 6,200 
feet below the surface at a point not in its center. I have 
taken the end of the more precipitous walled gorge at 
about six miles alx>ve this point, and the depth below the 
surface between 6,000 and 7,000 feet. The details of the 
right wall from this point onward are sufficiently full, but on 
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the left, the immediate position is open to some variation of 
location. To nearly 9,000 feet, its maximum breadth i<5 
defined, and thus we have the proof of the valley cc.:: • 
tinuing to a point 71 miles from the head of the car.yon, 
which is about 100 miles from Sandy Hook. The edge of 
the continental sh^lf is taken at a depth of 500 feet, inside of 
which the gorge has receded nearly 30 miles. The floor of 
the channel and gorge is covered with blue clay, while the 
level shelf is covered with sand. 

I am now able to analyse this feature equally well with the 
canyons of the Congo and Cape Verde, or the Antillean re- 
gion, with the advantage of having more knowledge of the 
adjacent topography and geology, so that its date can be de- 
termined as pertaining to the early Pleistocene period, and 
that there seems no other feasible explanation of its origin 
than that it was formed as a land vallev when the region was 
9,000 feet higher than now. For some reasons one might be 
inclined to reduce this amount bv 2,000 feet on account of 
epeirogenic depression of the continental slope, but this is re- 
futed by outside information. ' 

The studv of the shallow channels on the continental shelf *^ 
shows, after a subsidence following the period of elevation, an- 
other small elevation of 250 feet, obtained in age post-Columbia. 
Subsequent sinkings and minor changes are also noted. 



MIOCENE BARNACLES FROM GAY HEAD, MASS., 
WITH NOTES ON BALANUS PROTEUS, 

CONRAD. 

By JosBPH A. CUSHMAN, Boitoii. Mass. 

During the last two summers two collecting trips to Gay 
Head, Alarthas Vineyard, were made by the writer, one in 
July, 1903, the other in August, 1904. At both times a con- 
siderable number of specimens of the fossil crab, Archucoplax 
signifcra Stimpson, were collected, in all, several hundred 
specimens. Among these were a number showing the carapace 
almost completely. Upon examining several of these, peculiar 
circles were noted on the shell. The counterparts revealed the 
bases of barnacles, the upper parts of which were imbedded in 
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the matrix. In all, a number of specimens of craDs with at- 
tached barnacles were found, one crab with several, more or 
less crowded tt^ther. Fig 2. All the specimens were of 
young individuals. Figures of these are given. 



Figs. i-,i. Balaiius concavii* fron» the Miocene of Gay Head. Fig. 
1. Enlarged view of basii and one opercular valve. The outer shell has 
been entirely lost. Fig. 2. Pari of a gronji of yoniig specimens upon a 
crab's back. Here again the shell itself has heen dissolved away. Fig. 3. 
Cast of intirior showing shape and the Icmlency toward plications, 
. (.Sjiccimeii: in Muslim of Boston Society of Natural History.) 

I'^ragments of a Balanus were rejiorted from Gay Head 
by Dr. W. H. Dall (Am. Journ. Sc, 3rd series, vol. xlviii, p. 
297) as "Balanus (?proteus Coiir. ) fragm." Almost without 
exception our Miocene barnacles from the eastern United 
States have been referred to Balanus protcus Conrad. The op- 
ercular valves were not figured by Conrad, two sketches of the 
external view of the whole shell being all that is given in his 
Medial Tertiary. The original dest-ription was not accsm- 
panied by a figure. 

Darwin was the first to recognize the real importance of 
the inner or opercular valves as a means for separating the 
species of Raianus. He showeil that while the outer shell or 
testa varied with the irregularity of the surface to which it 
was attached, the inner opercular valve,* wore not so affected. 
Darwin, in his monograph of the Fossil l'.alanid;e (1854,) 
figured for the fir.st time llic opercular valves of the conunon 
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American Balamis of the Miocene. His specimens were from 
Virginia and Maryland, while Conrad's type of B. proteus Vvas 
also from Virginia. Darwin finds that the opercular valves 
agree in their details with those of B, concaz/us Bronn which 
was described m 1831, several years before the first appear- 
ance of the description of B. proteus Conrad. The very small 
use that can be made of the exterior shell is shown by the 
comparisons made by the two writers. Conrad speaks of his 
species as being close to the English B. crassus. A comparison 
of the opercular valves of his species with B. crassus would 
have shown at once the great dissimilarity bf the two, although 
in many wa);s similar in external form. In the outer shell 
also one has the radii perforate, the other imperforate. 

In his remarks toward the end of his monograph of the 
Cirripedia, Darwin speaks of B. proteus as follows, "I cannot 
recognize this species ; it resem.blcs B. porcatus; but as the radii 
are rather narrow, and apparently with rather oblique sum- 
mits, it may be B. concavus; the opercular valves are not fig- 
ured.'' Here again, the likeness to B. porcatus would at once 
have been seen to be entirely superficial if the opercular valves 
of the two could have been compared. 

A considerable number of specimens from Virginia and 
Maryland, labelled B, proteus and corresponding in all points 
with Conrad's figures have been examined by the writer. With- 
out exception the opercular valves were like those of B, 
concavus as figured by Darwin. Not only this, but in the 
series obtained, the very slight differences noted by Darwin 
were bridged over by the specimens, many of them being 
more like the figures of specimens from the English Crag 
than those figured from Maryland. Darwin, however, notes 
the variability of the Maryland specimens. 

The specimens obtained at Gay Head are like B. concavus 
in having the basis and parieties permeated by pores. The 
opercular valves where shown were similar to those of B. 
concavus, Fig i, especially to those of young specimens. It 
should undoubtedly be recorded as this species. Its occur- 
rence on the backs of crabs is also in favor of its being placed 
under that species, which in its recent members is almost al- 
ways found attadied either to th<e backs of crajbs or to shells. 
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In Xew Jersey the fragments of Balanus have been referred 
to B, proteus Conrad by Prof, R. P. Whitfield. These should 
undoubtedly be called B. concavus Bronn. In Whitfield's 
paper, Mollusca and Crustacea of the Miocene of Xew Jersey, 
(Monograph xxiv, U. S. G. S.), there is one thing to which 
attention may be called. On p. 141 he says, "No entire indi- 
vidual of this species has been obtained from the New Jersey 
deposits, so far as I am aware ; but numerous separated plates 
are in the collection at Rutgers College." These specimens, 
which were from near Shiloh, N. J., are figured, PI. xxiv, figs. 
18-23. • ^^ plate iv, fig. 8, on the ear at the left of the shell 
of Vola humplireysi Conrad, there is figured attached an en- 
tire specimen of Balanus. This shell was also from near 
Shiloh, N. J. This illustrates the ease with which barnacles 
and other attached forms mav be overlooked. 

Although there are minor differences in the shell due to 
attachment, there are, nevertheless, certain variations in this 
species not due to this entirely. Darwin figures both smooth 
and plicated specimens of B, concavus. In American speci- 
mens there is the same variation. On a single valve of Pectcn 
cburneus both forms were found. Several had four or more 
prominent radial plications on each of the parieties, another 
form of which there were several were perfectly smooth ex- 
cept for the lines of growth which were slightly raised. Such 
differences at first glance would seem to give definite varietal 
distinction but in a considerable amount of material it has been 
impossible to carry this difference beyond the early growth, 
both forms becoming roughened and rugose in further growth. 
In both forms there seems to be no appreciable or constant 
difference in the opercular valves. The Gay Head specimens 
were of the smooth type. 

From the preceding it seems that we should adopt the 
earlier name of Balanus concavus Bronn for the common spe- 
cies of barnacle found m the Miocene from Gay Head south- 
ward through New Jersey, Maryland, Virginia, etc., instead 
of the commonly used name B. proteus Conrad. 

Boston Society of Xatural History, 1904. 
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THE THEORY OF COPPER DEPOSITION. 

By Alfred C. Lanb, State Geologist. Lansing, Mich.* 

During the past few years there has been a lively interest 
in the theory of the origin of ore deposits, and recently two 
works have been published by the Institute of Mining Engi- 
neers and by the Engineering and Minify Journal, which give 
a very good account of the presi;.. state of the controversy, 
and references enough to carry one pretty well over the whole 
field of the latter.t In these discussions our deposits of iron 
ore and copper of lake Superior have been frequently used as 
illustrations of the various theories by those who take part 
in the discussion. In view of these facts, it seems proper to 
give a review of what is known concerning the copper of lake 
Superior. :md of the theories regarding the same. There is also 
a practical i:iterest involved in the discussion. As we shall 
shortly see, all the best authorities at present agree that the 
copper has been deposited by water, but there is some differ- 
ence of opinion as to whether the water current is a de- 
scending one and copper was deposited and a circulation pro- 
duced by gravity, or ascending, and the circulation due to 
one or more principal causes, which we may call as a common 
name, volcanic, meaning thereby that they are connected with^ 
the interior heat of the earth. Now, it is a common notion 
among the practical Cornish niiners of the copper country, al- 
though I do not remember t(; have seen the statement in . 
print, that the copper is liable to occur under high ground. 

To understand what is meant by the expression *'high 
ground," we must remember that at the present day the bulk 
of the copper is deposited in bedded lodes. It would be per- 
haps more correct to say that it comes from lodes whose strike 

* Advance sheets from the Annual Report for 1903, reprinted from Tbe 
Michigan Miner, January and February, 19U4. It should be understood that 
the title in a general magazine like the AMBRidxN Gkoi.ogist is too broad, for 
tbe article has reference solely to the deposits of Keweenaw Point, and the 
author does not wish to apply either facts or conclusions to other deposits, 
such as the sulphides, whose history he believes to be different. 

t Genesis of ore deposits, Reprinted papers from Volumes xxiii, xxiv, xxx 
and xxxi of the Transactions of the American Institute of Mining Engineers. 
Published by the Institute at the office of the Secretary, New York City. 1902. 

Ore Deposits, a discussion republished from the Eagineering and Mining- 
Journal, New York City, 1903. 

See also Geological Surrey of Michigan, vol. i, Part II, p. 43. Vol. vi. 
Parti, p. 216. 

Yet more recent: Trans. Am. Inst. Min.Bng.,Oct., 1902. "Igneous Rocks 
and Circulating Waters as Factors in Ore Deposition," by J. F. Kbmp; *'Ore 
Deposits Near Igneous Contacts," bv W. H. Wrbd, and discussion of same. 
Annual report of the State Geologist (of New Jersey). 1902. "Copper De- 
posits of New Jersey," by Wai-tkr Hahvky Wbhd. "The Chemistry of Ore 
Deposition," by Wai.trr P. Jbnnby. 
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is the same as that of the beds of the Keweenaw formation. 
It is commonly accumulated in the originally more porous parts 
of Ihe beds. Sometimes these porous parts are sandstones 
and conglomerates, but more often they are porous upper 
parts of lava flows. It is, I believe, true that in many cases 
there are faults parallel to the bedding planes, or so nearly 
so that the difference has not been detected, which have had an 
important influence on the production of copper. In some cases 
we know there are such faults, w^hich generally have a some- 
what steeper dip than that of dips generally.* 

Xevertheless, in a practical way the most characteristic 
feature of these lodes is the porous beds. Any one of these 
porous beds may contain copper and there are few of them, 
which are dec9mposed, that do not show^ some trace of copper. 
But the parts which are relatively rich, rich enough to be 
the sole object of interest to the miner, are rare, and the mean- 
ing of the idea that copper occurs along high ground is, as 
I understand it, that in following the outcrop of such lode, 
chutes of copper are liable to occur where the outcrop of the 
lode is extra high. Now there is some ground for this idea. 
If we take the Baltic lode, just developed, we find that in the 
Baltic, Trimountain and Champion mines this is rich, while 
just northeast; on section i6t the Atlantic mine has done a 
good deal of exploring without being able to find the lode. 
Rising once more on the high .land we find the Isle Royale 
mine close to the deep trough of Portage lake, where, on the. 
other side, is the Quincy mine, on high land again. The 
Sheldon and Columbia and Hancock mines, more down in the 
Portage Lake valley, do not appear to have been so successful. 
Going farther north, we find the Calumet & Hecla, Tamarack, 
Kearsarge and Wolverine mines, not very far from the Allouez 
gap on the southwestern side; on the northeastern side is the 
Mohawk mine. Nearer the* gap is the Ahmeek property, which 



* The top of the Calumet and Hecla is markedly slickensidcd. See also 
Volume vl Part II, pp. 86-94; the slide fault in the Central mine appears to be 
nearly parallel to the Kearsarge conglomerate. The accumulation of copper 
was in the rein above this slide, and on reaching the conglomerate they work- 
ed on top of it finding good copper ground. 

The annual report of the Phoenix mine for 1901 shows in the section by 
Dunbar D. Scott, the steeper fault slide in that mine, in the St. Clair vein. 
The old Minnesota, now Michigan mine, had its largest deposit of copper 
where a steeper fissure intersected a lode. See the report of the Commissioner 
of Mineral Statistics for 1880, p. 76. Copper Handbook, 1902, p. 195. 

t Volume vi, Part II, Plate 10. 
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is just being opened up and whose true value has not been 
determined. If the "high ground" notion has any 
substantial basis, its prospects would not be so good aS' those 
of the Mohawk and Wolverine mines, although it lies on the 
same lode and between them. The Phoenix mine and the 
Qiff lie on higher land, not far from the gap of Eagle river, 
and turning to the other end of the range we find the Minne- 
sota and the National on ofie side and the Victoria on the 
other of the gap 'made by the Ontonagon river, while the Mass 
and Adventure lie on the high land between the Flint and the 
Fire Steel rivers. 

Now, this grouping of mines in accordance with this notion ' 
that the copper occurs on the high ground may be due to the 
fact that the porous beds arc usually eroded, and therefore 
not exposed, and not easily exploited or developed, except on 
high ground. It might also be suggested that the alterations 
which produce the copper had cemented these beds more firm- 
ly and had thus given a greater resistance to erosion, either 
by ice or by water. The copper itself, however, even in the 
richest mines, is only a small fraction of the rock, and is 
easily decomposed chemically, and so are some of the asso- 
ciated minerals,. and, although at times, copper bearing amyg- 
daloids, as the igneous porous beds are called, are more or less 
saturated with silica and cpidote, I do not think those minerals 
are so characteristic of the copper-bearing lodes as to lead 
to a relatively greater elevation of such parts of the lode. 
However, there is room here for inquiry. 

I leave to the last another .possible explanation which has 
a more direct connection with the theory of the deposits of 
the copper. If the copper is deposited by descending waters, 
as Pumpelly. who has done by far the most w^ork upon the 
.subject, suggested, and the motion of these descending waters 
is detcrniiTied by gravity, descending along the lodes at one 
branch of the inverted siphon and rising either in the same lode 
at a lower point of its outcrop, or in some cross fissure, which 
might very well l:)e the cause of the gap in the range, then we 
can readily see that the greatest activity and circulation and 
greatest deposition of the copper consequently, should be 
beneath salient points of the outcrop of the lode. Take for 
instance, the Calumet & Hecla. That deposit outcrops 600 .or 
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700 feet above Lake Superior, and the chute of the richer 
streaks in the deposit is northward, and we may imagine the 
waters working down in that direction to re-appear over in 
the Alloucz gap or up some fissure which may possibly have 
determined the gap. We see, therefore, that the question as to 
whether the copper was dejx)sited by waters circulating in 
one fashion or another has a practical interest in guiding the 
search for the richest parts of the lode. Moreover. Van Hise 
has suggested that the richer parts of the lode — called chutes — 
will be found beneath upward bends if the waters of deposi- 
tion are ascending, beneath downward bends if the waters of 
deposition are descending. If he is righti which I doubt, in say- 
ing that the copper of the Michigan lodes are deposited by 
ascending waters, the southern end of the Ahmeck and the 
northern part of the Kearsargc properties should be extra pro- 
ductive according to Hubbard's map of the Allouez gap area 
(Volume VI., Part II., Plate VII.), but if the waters are de- 
scending, the same area should be lean. 

In the first place we may premise that it is a settled ques- 
tion that the copper w^as deposited by water. All kinds of 
authority agree in this, although at one time a few geologists 
thought of its being inserted in a molten state. But native 
copper and native silver occur together, as they oould not if 
they were melted. They would at once be alloyed. Jewelry is 
often made of sections of nuggets of copper and silver, popu- 
larly known as halfbreeds, where the sharp and irregular line 
between the copper and silver is beautifully displaved. We also 
find copper grown upon minerals, like analcite and prehnite, 
which one can fuse in a candle flame. It is not very rare to 
find a sharp crystal of dog-tooth spar entirely plated over 
with copper, and then the growth taken up again.* Pumpqlly 
has given in Volume I. of our reports a most thorough dis- 
cussion ()f the way in which the copjx^r occurs. A very in- 
teresting specimen, owned by Dr. Hubbard, shows a crystal of 
quartz which has been corroded and mainly by native cop- 
per. ^Moreover, in the deeper part of the Quincey mines. Dr. 
Koenig has found a water which is now depositing copper and 
contains 9 grams to the metric ton of the same. 



• See Volume i, Part II, Chapter III; also Volnmc vi, Part II, pp. 163 to 
165 of our reports. 
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I have shown in my United»Statcs Geological Survey water 
supply paper Xo. 31. on the different waters of Lower Michi- 
gan, that while each poroxis bed varies in its^ character of 
w^ter froni point to point, yet there is little intercommunication 
between them and it is difficult to see how there could be much, 
except upward along fissures or drill holes. Beds of clay or 
shale are known to be so impervious to water and to oil, they 
may be taken to be, even in a geological sense, impervious . 
layers, permanently guiding and separating the different flows 
of water. The same statement applies to clayey belts of de- 
composed rock, paint rock and fluccan, as Van Hise himself has 
ably pointed out in discussing chutes and the formation of the 
Galena lead deposits. Thus, it must be remembered, that Van 
Ilise's figures of underground flow apply only to a homo- 
geneous medium. His figure 5, for instance, might represent 
the flow of water in one single porous bed, say of conglomerate, 
sandstone^ or amygdaloid, but not the formation at random. 
It is by no means practically true, therefore, that the zone of 
fracture "will be searched to its base by moving waters," un- 
less first it is not only potentially but really fractured, so as to 
make it practically porous as a whole, and unless, also, it is 
covered by a surface topography so rough as to stimulate 
circulation. These two conditions will be best fulfilled in those 
mountainous districts, which as Van Hise remarks, are most 
. liable to contain ore deposits, page 416. 

Xow, the difficulty in supposing that the copper deposits 
are due to such a general circulation of w^ater taken in at the 
surface, as Van Hise imagines are very great. The following 
is a sample of water from the Arcadian shaft, a relatively shal- 
low shaft, analyzed by Dr. Koenig, August 23, 1898 : 

CaCOs 32.7 

j Fe2 O3 13.7 

( Kaolin 100.0 

FeCOa 24.5 

M^COa 25.6 

K2CO3 10.9 

NazSiOa 101.3 

Na CI tr. 

Naa P2 O5 2.2 

Na2C03 42.3 

Organic matter 82.0 

Total 435.2 
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While a deep mine water coltiing in at the 46th level of the 
Quincy, analyzed by Dr. Koenig, was as follows: 

Sp. Gr 1.1898 

Ca CI2 17.91 

Na CI 2.96 

Mg CI2 

SOa 

Iron ^ 0.004 

Copper 0.009 

CO2 0.00 

Now these two ^^jalyses are typical. 

The deep waters are strong solutions of earthy chlorides. 
A water with nearly i per cent, of bromine oozes in the 45th 
level of the Tamarack. The shallow waters are high in alka- 
lies, and so low in chlorine that the alkalies have to be com- 
bined with other acids. It is no wonder that alkaline zeolites 
occur in the upper levels. One might explain the loss of car- 
bonates if the upper water was descending by a precipitation 
of the same such as we know has taken place, but I do not see 
that we can so explain the presence and absence of chlorine. 
That must, it seems to me, have been an original constituent 
of the deeper rock moisture, either of the sea in which the 
rocks were laid down, or of the igneous magna. Prof. Moore 
in his presidential address before the Liverpool Geological So- 
ciety ( 1903, p. 2Cyc)) has shown that at the top of a 96 foot 
thick intrusive sheet there is a 10 to 15 foot belt, corresponding 
to the amygdaloids of the Keweenawan series, which contains 
a little over 4 per cent, carbonic oxide and 2.6 per cent, water 
which are, as he believes, probably primary. Analysis of the 
Lighthouse Point dyke, which is probably one of the Keweenaw 
flow feeders, shows chlorine, more than enough to go with P^ 
(),- for apatite, and the apatite which has been so commonly 
observed (Vol. \T, Part i) also contains chlorine. 

Note the ai)i)arent concentration of the early formed oli- 
vine at the margin. 

Aforeover around volcanic centers the escape of vapors 
containing chlorine and carbonic oxide and the formation of 
crusts of iron chloride are common. 

Punipelly furthermore concludes that the water which de- 
posited the copiKT was descending. One of the arguments 
which he used is that the alkaline silicates abound in the upper 



• 
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ANALYSES OF STONE FROM. LIGHTHOUSE POINT MAKQDBTTE. 

Jnnc 30, 1903. 

Si02 46.98 47.67 57.25 47.10 

AI2 Oa 17.85 .17.55 18.10 17.47 

Fe2 Os 3.13 2.51 2.21 2,66 

FcO 10.30 1269 12.42 12.93 

MgO 7.10 5.65 6.35 6.88 

CaO 8.47 10.75 11.45 10.27 

Sodium Oxide 2.04 2.21 1.98 1.91 

Potassiam Oxide... 60 .65 .66 .59 

H2 O at about 800° C 1.97 .35 

H2 O at 110° C 1.55 -40 

CO2 20 .18 

P2O5 143 .169 .158 .161 

S 097 .183 .086 .111 

CI 07 .05 .02 .09 

MnO 26 .19 .18 .15 

101.880 102.422 100.744 109.522 

Center 
Distance from margin Margin 616m 4115m 760pm 

£. E. Ware under direction of E. D. Campbell. 

levels and are (page 40) rare in depth; "in other words they 
are abundant in that zone of the veins which lies between 
walls of those portions of the beds of the melaphyre in 
which we should look for the most advanced stages of altera- 
tion in the components of melaphyre supposing such alteration 
to be due to the action of descending solution." By alkaline 
silicates he means analcite, apophyllite, ortlioclase (and daitolite 
is of the same age). Copper occurs of similar age in some of 
these deposits. In studying the alteration of the lava flows 
which form so large a proportion of the Kevvccnawan series, 
I find that the olivine is first to alter, then the augite, and 
lastly the feldspar. 

There are other arguments which may be used to support 
Pumpclly's theory with regard to the origin of copper. As 
has been said, down to say 500 or 600 feet the water of the 
mine is quite fresh. In the deeper mines while there is very 
little water it is an extremely strong solution of chlorides. The 
Hne between the two classes of water is reported to be very 
sharp, and there is a chance for a very interesting investiga- 
tion right here. It would seem quite difficult to suppose a 
circulation of this heavy water up into a light fresh water, 
especially under high ground, and to imagine that there could 



304 The American Geologist. Noiember. isoi. 



be a sharp line between them. One would expect to find brack- 
ish waters dear to the surface, and that even if the heavy 
waters rising were diluted by affluents, they would retain the 
same general character, whereas the surface waters and the 
deep waters are chemically entirely different. If there was a 
tendency for the waters to descend, however, the rocks 
might naturally draw in fresh water of entirely different 
character from the outcrop. 



■achBsn>HThiiyfb»nor>xinsIly filled with cbloriac SSKa. hi at "A" nredgcd 
in between fcldapar belli and an octagonal augite grain. 

Van Hise might however suggest that the present distri- 
bution of waters is a recent phenomenon, the present circulation 
being indeed downward, but much later than the origin of the 
copper. 

Now if vajfors escape they nius't be present in proportion to 
their vapor pressure in the lava and can hardly wholly escape 
but must be present more or less in Ihe UKk moisture of the 
acid interstices which I have so fully described for the in- 
trusive rocks. Tiut even in an effusive as the rock (above fig- 
ure) we sec that between the crystal of augite and that of feld- 
spar, each having its own shape, is an angular space which 
must iiave been originally a pore filled only with gas probably. 
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In a thoroughly crystalized trap, doleritic melaphyre or diabase 
the porosity is not over i per cent. But in the case of an amyg- 
daloid the amount of vesticular space may have been very 
considerable, and this space must have been filled either with 
the original gases or possibly in the case of submarine flows 
with sea water more or less contaminated with such gases. 
Such an origin would readily account for the saline character 
of the waters, and it is worth noting that such saline waters 
attack copper as is shown by the fixtures around the salt 
baths of i^ovver Michigan. 

Another most weighty argument is the occurrence of cop- 
per native in the iron ores near Crystal Falls.* One can hardly 
imagine this other than produced by descending waters since 
the iron ore is universally allowed to have been formed by 
descending waters. Moreover it occurs in the upper parts of 
iron ore bodies and is not known to have any connection with 
lower deposits. It may easily be conceived to have been de- 
rived from an over-lying extension of the Keeweenawan, now 
eroded away. 

Pumpelly supposed that the copper may have been orig- 
inally deposited with the strata, as sulphurets under submarine 
conditions. He was slightly inclined to call the old lavas altered 
(metamorphic) sediments. 

Irving apparently agreed with Pumpelly speaking of the 
copper having been arrested in its descent. The more recent . 
writers on ore deposits however seem inclined to refer the 
origin of the copper deix)sits to the upward rising waters. For 
instance Posepny writes as follows : 

**Some of the attempted explanations assume, in my opin- 
ion correctly, as the cause of the first ore depositions, the action 
of hni ^prin^s — in vbi'^n coniecn'oa i< i< only to be emphasized 
these thermal effects occurred long after the intrusion of the 
eruptive flows between the sedimentary strata, so the ores were 
brought, not by or in the eruptives themselves, but by the later 
springs, from great depths and perhaps from considerable dis- 
tances. This explanation, applicable to all dejx^sits, suits also 
the exceptional case cited bv R. D. Irving, namely, the None- 



* A. H. Sbaman writes that he has native copper in iron ores from the Cliffs 
mine at Iron Mountain, also with ferrnfcinona chert from -the tenth level of the 
Great Western mine. Crvntal Palls, also from the Montana mine, Tower, 
Minn., where it occurs in the iron ore. 
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such copper bed in the sandstone of Porcupine mountain, far 
from an eruptive outflow." Posepny seems to have been influ- 
enced in the first place by a strong prepossession as to the role 
of ascending solutions, and in the second place by the oc- 
currence of the ore as a mineral or rarely sulfide and not as 
carbonate. 

Prof. Van Hise in his very interesting article on **Some 
Principles Controlling the Deposition of Ores/* uses the metal- 
lic copper deposits as a conspicuous illustration of ore deposits 
where the concentration by ascending waters has been suffi- 
cient without secondary concentration by descending waters, 
writing as follows : 

*'In some cases the deposits thus produced are sufficiently 
rich, so that they are of economic importance. In these cases, 
which undoubtedly exist, but which perhaps are less numer- 
ous than one might at first think, a concentration of ascending 
waters has been sufficient. 

"A conspicuous illustration of ore deposits of this class 
which may be mentioned are the metallic copper deposits of 
the lake Superior region. The copper was in all probability 
reduced and precipitated directly as metallic copper from up- 
ward moving cupriferous solutions. The refluctng agents 
were the ferrous compounds in the solid form, in part as 
magnetite arid as solutions derived from the iron bearing 
silicate. When the cc^>peT was precipitated, the iron was 
changed into the ferric condition. It is well known that me- 
tallic copper once formed is but slowly aflfected by the oxidizing 
action. Oxidation has, in fact, occurred in the lake Superior 
region, but from the facts now to be observed, not to an im- 
portant extent. An oxidized belt may have formed in pre- 
Glacial times, Inut if so, it was swept away by glacial erosion, 
and sufficient time has not yet elapsed to form another. The ore 
deposits now worked have apparently remained practically un- 
changed since the time of their concentration. In this fact we 
have the explanation of the great richness of these deposits to 
extraordinary depths." 

Prof. H. L. Smyth, of Harvard, has also adopted the 
same belief and I have already discussed it in Vol. VI. of our 
reports. Prof. Smyth believes that the various flows were 
surface weathered and the earlier non-alkaline minerals pro- 
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duced thereby. The later alkaline minerals he believes, to have 
been associated with the northerly and northwesternly tilting, 
and the formation and the filling of the fissures and the im- 
pregnation and partial replacement of amygdaloids and con- 
glomerates with copper, the copper not being derived from 
overlying sandstones nor from traps, but probably by ascending 
solutions from deep-seated sources. 

Returning once more to Prof. Van Hise's paper, we find 
that however his theories may apply to other deposits, they 
apply very largely to copper-bearing rocks. His first premise 
is that the greater number of or^ deposits are the result of 
work of underground water. His second is that the material 
of ore deposits is derived from rocks within the zone of frac- 
ture. This w^ould seem to be^ true, and shall give some argu- 
ments for believing that the copper is derived from the associ- 
ated igneous rocks. His third premise is that by far the major 
part of the depositing water is meteoric. By this he means that 
it is derived from the air, rain water which was worked down 
into the ground. In view of the composition of the water at con- 
siderable depths above given on the Keweenawan range, it 
seems probable that this is not true, but that the largest part 
of the water may either have been buried originally with the 
sediments (possibly he would class this as meteoric), or oc- 
cluded in the original magna, as he suggests. It is a subject 
for further investigation, just how much of these three classes 
of water we have involved. 

His fourth premise is that the flowage of the underground 
water is caused chiefly by gravitative stress. If this is true, 
and I believe it is, then it follows, as Van Hise himself has 
remarked (p. 417), that if the copper is most concentrated 
along the higher parts of the outcrop it must be formed by 
descending waters; moreover, as he also calls attention (p 
412) in case of the minor flexures and pitching folds in the 
bed, if the waters are descending the richest parts should be 
in the troughs of these folds, or possibly on lines leading from 
an anticline down to the trough of the folds. Referring once 
more to plate 10, of Vol. VI., Part II., it will be seen that in 
such a case the copper of the Baltic and Trimountaln may be 
expected to chute to the north when followed down. So should 
the mines around Calumet, while the Quincv mine should 
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chute southwestward. And yet, as the flowage of water is un- 
der gravitative stress, it must be remembered that it will take 
a considerable difference in liead for a fresh water to move or 
balance water with a specific gravity of (1.1898) a fifth more. 
However, the Keweenawan series consists mainly of a great 
series of lava flows, many of them over 100 feet thick. (See 
as an illustration of this, the section of Tamarack shaft Xo. 5, 
and correlated beds elsewhere given.) They are not likely to 
have lost heat for a long time after their effusion, in fact very 
likely not before their burial under succeeding flows* so that 
for thousands of vears the remnant heat of the effusions and 
the heat of the later intrusions may have aided the circulation, 
and particularly the solvent action of the water, as Van Hise 
(pp. 300, 346, 774), but more particularly J. F. Kemp and 
others have insisted. And yet the accumulation of copper in 
the Nonesuch belt of sandy shales, made up of lava and sand, 
would indicate that- it is the chemical character of the lavas 
rather than their heat which is of most importance. The 
source of the copper Pumpeliy considers to be sulphides orig- 
inally deposited and bleached out and reduced by the ferrous 
iron. This may be so, and yet it is strange that we see so 
little of sulphides in the original rock or of sulphates in the 
secondar}' minerals. I have seen some fine selenite from the 

* In the snccession of flown noted in the Isle Boyale drill cores of Vol. VI 
and the Tamarack sbaft, and other sections studied if there had been a long 
interral between the flows and they had been exposed to air, the am jgdaloids 
wonld have decayed to red clays and iron ores, and if they had been long 
enongh under water there wonld have been mure or less deposition. As is^ 
obvious from the Tamarack section, there is but very little deposition, and' 
while there may have been some contemporary decomposition of the amygd- 
aloids — in fact probably has been, and it may have helped in the copper concen- 
tration, yet in very many cases, it is clear that it did not progress far before 
the next flow came. In fact in some cases an effect on the marginal grain of 
the underlying flow is indicated. Now. for illustration's sake, if (p. 245 of the 
Isle Royale report, Pouque and Levy's observations) an ophite cooling in 
about six days has augite grains 0.03 square millimeters in area, then one 
which has them about 50 square mm. in area. like the Greenstone 120 feet from 
the wall, would take about (6x54- .03) 10,000 days before it had actually con- 
solidated, that is, it would be between twenty and thirty years before the 
center of a sheet 24-0 feet thick had fully consolidated, and it would still be red 
hot. But the increase of the grain of the augite clean to the center shows that 
it must have been during a very early stage of cooling, and at a glance at 
Plate IV, of the same report shows that after more than ten times that lapse 
of time say. 200 to 300 years, the temperature at the center would still retain 
something like an eighth of its original excess of temperature over the country 
rock. The temperature toward the margin decreases, of course and the total 
amount of calorics yet left in the flow will be readily found by integrating 
equation (11 ) or (12) of the Isle Royale report. Of course the above figures 
make no pretense to accuracy. We have no right to apply Fouque and Levy's 
observations on the grain of a rock of one composition' off hand to another. 
Vet the order of figures is likely to be the same, and it is plain that if the 
Tamarack cro'«s section has some "fifty flows, and this section only represents 
a third or less of the whole pile of flows thus rapidly piled on each other there 
may have been temperatures near boiling ten thousands of years after the 
formation of the pile, during all of which time the zeolites we now see may 
have been forming. Obviously, too, there will be a large amount of energy to 
promote aqueous circulation. 



The Theory of Copper Deposition — Lane. 309 

National mine, but in general sulpliates are rare. The arsen- 
ides and sulphides that do occur are very peculiar, occurring 
mainly in the veins, and perhaps rather more frequently as at 
mount Bohemia, associated wnth the acid rocks. There are 
signs that at least at times they are secondary after the native 
copper. It has occurred to me that possibly a ferrous or ferric 
chloride containing a trace of copper was an early volcanic 
emanantion. It is, however, also true that olivine, which is 
one of the earliest minerals to develop, contains ferrous silicate 
with which is likely to be associated a trace of copper and 
nickel. Furthermore, under the microscope the olivine, an early 
formed mineral, appears to gather at the sides of this dike 
and the top of the flow. Analyses (Vol. VI. and here) seem 
to indicate the same thing in the variation of the magnesia 
and iron. 

Thus the copper may have been concentrated. First, with 
the olivine of the amygdaloid traps; secondly, by leaching out 
of the olivine which decomposed either by atmospheric action 
and meteoric waters, or immediately after the outflow of the 
lava in the presence of the waters, acid and perhaps hot, buried 
with this formation ; thirdly, by reactions due to the circulation 
downward of this water set up by this uplifting of the edge 
of the great lake Superior synclinal. It must also be remem- 
bered that according to the earlier geologists there has been 
enormous erosion, which, according to L. L. Hubbard's theory 
(VL, p. 94), may be in part replaced by a sliding of the upper 
beds on the lower for miles. In either case there may have 
been a considerable migration downward, in the porous belts 
of the formation, of the material of the strata and the original 
water thereof. 

There is yet much to be learned, but three things appear to 
mc to be extremely prol)al)le ; the copper was associated with 
the original lava flows; that originally deposited water or gas 
has been an important factor, possibly merely in bringing cop- 
per into solution, and that the water circulation which finally 
precipitated the copper was downward. 

It is apparent, however, that we need to test the rival theo- 
ries. We need to trace some one horizon some one conglomer- 
ate or flow continuously through and survey it carefully and 
accurately to dctemiine the minor flexures. Dr. L. L. Hub- 
bard has done this in part, but the work is not complete. 
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THE UNTENABLENESS OF THE NEBULAR 

THEORY. 

II. 

By N. MISTOCKLRS. Minneapolis, Minn. 

THE RECIPROCAL INFLUENCE OF THE HEAVENLY BODIES 
AND THE INCLINATION OF THE PLANETS' ORBITS TO THE 
ECLIPTIC. 

§9. We have already mentioned, in an article in the last 
issue of the American Geologist, that it was the relative posi- 
tions which the Sun, the planets and the moons occupy to- 
wards one another, that in the opinion of Laplace seemed to 
point to such an origin of these bodies as is presented in the 
nebular theory. It is proper, therefore, that we now try to 
ascribe this state of things to other causes. 

Since it is the attraction of the Sun which causes the 
planets to revolve in their orbits around the Sun, and like- 
wise the attraction of the planets which causes the moons to 
revolve around the planets, it is plain, also, that it is the 
same influence which determines, at least in the main part, 
the relations of the planetary orbits to one another and to 
the Sun, and also the relation of the orbits of the moons to 
one another and to the planets. 

Tlie question, then, is simply this: In what manner have 
these relations been established. 

We cannot speak of gravity as the motive force which 
caitses the motions of the planets and by virtue of which 
the velocity of the Earth, for example, is 72 times that of 
a cannon ball without at the same time supposing that there 
must be a constant tendency, especially between the larger 
planets — ^Jupiter and Saturn — and the Sun, to draw the 
inner planets, at the time of conjunctions, in a straight line 
toward the Sun. This cannot be denied, since attraction acts 
reciprocally. The case is similar to the one when wt as boys 
used to pull tug of Zi'ar, which was a reciprocal attraction, 
and the result of which was a straight line. This; point may 
be better illustrated, however, by supjxjsing a steamship of 
about 10,000 tons carrying capacity, or somewhat larger, as 
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representing the Sun, and this ship connected by means of a 
cable with another ship of about ten tons carrying capacity 
representing Jupiter, and that these two ships would pull 
with all their might in opposite directions. We suppose, fur- 
ther, that to the cable — representing the force of gravity 
—connecting the two ships were fastened small boats of 
from about 70 to 640 pounds carrying capacity. These 
would represent the inner larger planets. We .must then 
certainly admit that the cable, with one ship at either end, 
and the ships pulling with all their power in opposite direc- 
tions, would represent a straight line, if not influenced by 
some other force, causing a different result. 

lliose two ships and the small boats, may be said to be 
in conjunction ; and such a position is sometimes occupied 
by all the planets simultaneously This happens very sel- 
dom, however, hut sometimes it does happen, Jupiter, Ura- 
nus and Ncptime formed about a straight line with the Sun 
in 1881-82, whereby the inner planets in crossing this line 
were also placed in the same conjunction. The tension ^is, 
of course, greatest during such epochs ; but Jupiter alone will, 
as shown in the example above, hold the orbits of the inner 
planets in the ecliptic or about identical with its own orbit, 
when thev come between him and the Sun once in each 
anomalistic period. When we, further, notice that Neptune 
at a distance of 1,000 million miles exerts a disturbing in- 
fluence on Uranus, which observations have convinced us 
of, then we mav safelv consider it established bevond all 
doubt, that the jK)sitions and relations of the planetary or- 
bits as determined arc fixed and unchangeable by the recip- 
rocal attractions of the Sun and the planets. All this is, 
indeed, simple and natural. And thus we understand that 
we can explain these phenomena without supposing, as the 
cosmologibts have done, the existence of a nebula with a 
diameter of over 5,000 million miles, in order to make it 
exi)lical)le. 

It is equally clear, that the moons are subject to the same 
kind of attractions, since they frequently are in conjunction 
not onlv with the Sun, but also with each other. The inner 
moon of Mars, for instance, comes between the Sun and the 
planet three times a day. It appears plain, therefore, that 
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the influence of the conjunction is the sought cause of the 
parallelism of the moons* orbits with those of the planets. 

But there are other forces at work upon different prin- 
ciples and leading to different results than that of attraction. 
One of these forces we shall point out presently. Let us 
first, however, notice that the peculiarity which we here 
come in contact with and which the cosmogonists have paid 
most attention to, is the analog\' existing between the planet- 
ary orbits and the Sun's plane of rotation; and also the cor- 
responding analogy between the moons' orbits and the 
planet^s plane of rotation. 

Why, we may ask, does not the Sun rotate peri>endicu- 
larly to the plane of the planets' orbits, as well as in a plane 
identical with them? And why do not the planets rotate 
perpendicularly to the plane of the orbits of the moons as 
well as in a plane coinciding with them? 

It appears at the first glance as though the planets were 
subject in one way or another, to th« force by which the 
Sun rotates, and that the moons likewise Have something 
to do with the rotation of the planets. This is the point 
which science so long, but unsuccessfully, lias sought to ex- 
plain. 

In a following chapter we shall discuss the law of rotation 
and we shall then solve this problem, and show that these 
things are simple, and that they may be easily understood 
after we have found the key to the secret. This key we can- 
not find, however, until we have cleared away a number of 
misconceptions. It often happens, as we shall find, that what 
has l^een accepted as a result of one single cause only, is 
the result of several causes acting together, and it may even 
be the result of causes which so far have been unknown or 
misundcrst<'X)d. In order, therefore to explain correctly 
any phenomenon which is a result of a combination of causes, 
we must distinguish each cause and every factor and explain 
thepi separately. 

§IO. THE CAUSE OF THE INXLIXATION OF THE LUNAR 
ORBIT TO THE ECLH'TIC, AND OF THE PERIODICAL OSCILLATION 
OF THIS INCLINATION. 

The inclination of the lunar orbit to the ecliptic varies, 
according to C. A. Young, between 4° 57' and 5° 19', the 
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extent of the oscillation being* 22'. The maxima and minima 
of this oscillation, in general, are not the subject of consid- 
eration in this treatise. We propose, however, to discuss a 
peculiarity concerning this oscillation, which hitherto seems 
to have escaped the attention of astronomers. Tlie fact is, 
that the oscillation of the lunar orbit is, itself, subject to a 
periodical variation, a variation which stands in harmony 
with the oscillating: activity of the Sun. Ry demonstrating- 
what the cause of this periodical variation is we shall also, 
thereby, have proven what causes the entire inclination of 
the lunar orbit to the ecliptic. 

It seems, at first glance, quite natural that this character- 
istic of the oscillation which we shall presently consider is 
due to the Sun's light, since it apjjears as a result of the va- 
riation of its energy. 

Let us therefore, briefly consider the light and the Sun's 
varying activity during a given time, and then compare the 
results with the oscillations of the lunar orbit during the 
same perio<l. 

It is a known fact, that an object facing the Sun, dams 
up the light. We know, further, that the solar rays fall with 
greater strength when they strike an object perpendicularly 
than when they strike it horizontally. The result of this is 
the much higher temperature at the equator than at the poles. 
Thus wc understand that as an object dams up the sunlight 
on the Eartli's surface, in like manner does the Karth dam 
up the sunlight in space. The torrid zone becomes the mid- 
dle line in this light-belt, which, thus, lies in the ecliptic and 
diminishes in density as the distance from this line increases 
on either side. When we remember, further, that light is 
electro-magnetic and as such has a tendency to make the 
etlier active wherever it is dammed up, we can no longer 
fail to sec that a layer of light-atoms or active ether sur- 
rounds the Karth in the ecliptic and very likely reaches a 
distance beyond the orbit of the moon. 

Tliis ether, thus acted upon, is different from etUer in 
general, not only as vibrating and active, but also as offer- 
ing a resisting force. It seems, then, that it is on account 
of this that the moon crosses this zone ami inclines to the 
ecliptic, since the resistance met there decreases towards 
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higher latitudes. We shall see what the oscillation proves 
regarding this matter. 

It is a known fact, that the active condition and erup- 
tions of the Sun are varying. Now, since the radiation of 
light is of a certain periodicity and oscillates between maxi- 
mum and minimum, it follows that for the same rieason the 
light-stuff around the Earth is of oscillating density; and 
the moon in consequence, meets with an oscillating resist- 
ing force. It is remarkable, indeed, to notice that the oscil- 
lation of the lunar orbit stands in verv close relation to the 
oscillation of this resisting force, and in a degree* which 
seems to answer perfectly to the richness of the light-stuff 
wh^ch causes the resistance. By comparing the varying in- 
clination of the lunar orbit to the ecliptic, as it is indicated 
in the ephemeridcs, with several succeeding maxima and 
minima of the Sun's varying activity during the* same period, 
we come in possession of the necessary data, which throw 
light on this subject. 

The Sun's activity was at maximum, for instance, in and 
alx)Ut 1870; we may count it a period of three years. The 
following minimum occurred in and about 1876. The next 
maximum rose high in 1880, but covered at that time a long- 
er period than in the 70's. Eruptions of the Sun to the 
bight of from 100,000 to 400,000 kilometers were observed 
during this maxinunn for several years. Th<? following min- 
imum occurred in 1887; but this minimum did not fall as low 
as the foregoing one, which is generally the case with a 
minimum following a high maximum. Thereupon a maxi- 
mum a^^ain ])egan to appear, which reached its culmination in 
1892. This is well known to astronomers, and not least from 
the extent of the Sun's corona at the time of the eclipses 
during that period. 

Let us now compare these maxima and minima with the 
oscillation of the lunar orbit during the same period, and 
see if we can find their reciprocal relations. . 

The inclination of tlie lunar orbit to the ecliptic, which we 
have above indicated as varying between 4° 57' and 5° 19', 
fell (luring the maximum activity of the Sun in Xovem^ber, 
1868, only to 5° o' 5", as its minimum, and rose in February 
the following year to 5° 17' 54". This was the highest mini- 
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mum and maximum inclination during that solar maximum. 
In December, 1875, the minimum of the inclination fell to 4° 
58' 42" and its maximum in March,.. 1876, reached only 5"* 16' 
45", which, thus, was during the minimum activity of the 
Sun; and this was the lowest minimum and maximum in- 
clination during that period. The inclination during this 
minimum activity of the Sun was i' 23" less than it was dur- 
ing the maximum solar activity in November, 1868. 

In like manner the inclination was i' 19" greater during 
the solar maximum in February, 1869, than it was during 
the minimum in 1876. In April, 1880, when the Sun's ac- 
tivity was close to its maximum, thf. minimum of the inclina- 
tion fell to 5° o' 2" and was, consequently, 1' 20" above what 
it was. during the preceding solar minimum in December, 
1875. I" J^b'* 1883* when the Sun's activity still was at its 
hight, the inclination of thie lunar orbit fell only to 5° o' 7" 
and rose in October of the same year to 5° 17' 50", which was 
the highest point during that solar maximum. 

During the following solar minimum, the minimum in- 
clination fell, in November, 1887, 39" lower, and in January, 
1888, its maximum was 51* lower than during the preceding 
solar maximum in 1883. 

It is important to notice, that as the Sun's minimum ac- 
tivity was higher during this epoch than in 1876-77, so the 
inclination of the lunar orbit also stood higher. 

As the Sun's activity now began to increase, the inclina- 
tion of the lunar orbit became relatively greater. Thus in 
April, 1889, its minimum was again the same as in July, 1883, 
or 5° o' 7* and its maximum in December, 1890, 5" higher 
than in October, 1883, or 5° 17' 55", but during the maximum 
solar activity in 1893 it reached the exceptional extreme of 
5° 18' to the ecliptic. 

These data from the ephemerides hav€ been furnished by 
Mr. W. T. Carrigan of the Nautical Almanac Office in Wash- 
ington. 

They are presented below in tabular form togeth-er with 
the solar maxima and minima. 

This shows, conclusively, that the periodical variation in 
the oscillation of the lunar orbit is coincident wath the oscil- 
lation of th-e solar activity, which, as we have shown above, 
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causes the dammed-up light-waves in the ecliptic around the 
earth to vary in harmony with its own variation and also, 
further, to transmit the same periodicity to the oscillation of 
the lunar orbit. 



Maximum and miminum inclination and 
oscillation of the lunar orbit. 



Max. 



1868 Nov. 


5' 


o' 


S" 


1869 Feb. 




17' 


54 


1875 Dec. 


4° 


58' 


42 


1876 Mar. 


5° 


16' 


45 


1880 Apr. 


5° 


0' 


2 


" Dec. 


.0 

3 


17' 


41 


1883 July 


5° 


0' 


7 


" Oct. 


5° 


1/ 


SO 


1887 Nov. 


4° 


59' 


28 


1888 Jjm. 


5° 


16' 


59 



Maximum and miminum solar act- 
ivity during the same period. 



i868-'7i Max. 



Min. 



Max. 



1875-78 Min. 
i88o-'83 Max. 



1892 Feb. 4° 59' 18' 



>> 



Oct. 5° 18' 



Min. 



Max. 



1887- '88 Min. 
1890-93 Max. 



We have above called attention to the fact, that the prob- 
able cause of this periodical oscillation of the lunar orbit, 
would prove to be the cause of its whole inclination to the 
ecliptic. That this really is the case, seems to be well demon- 
strated by the fact that the weaker the light- force the less 
the inclination, and that the stronger the Hght-force, the greater 
the inclination. The reasonable conclasion follows tliat the 
light-zone around the earth is the prime cause on account of 
which the moon intersects the ecliptic. 

The periodical oscillation of the lunar orbit, as here pre- 
sented, verifies the theory of the meteorologists, which holds 
that cyclones are of a magneto-electric character, and are 
originally caused by the Sun, since they follow the rising and 
falling solar activity in their force and frequency. 

We may add, further, that if the varition in the radiation 
of light causes the periodical variation in the oscillation of 
the lunar orbit, there can be no doubt about the manifestation 
of the light-force in meteorological phenomena. Hence we 
should find that all these oscillations are very closely related, 
originating from the same central force, the Sun, and" having 
the same characteristics. 

The following example of the oscillating energy of tor- 
nadoes and other severe storms mav be of interest to call at- 
tention to in this connection: 



Min. 



Max. 
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Tornadoes and severe storms in the United States, re- 

■ 

ported by Professor H. A. Hazen, for 1875-1887 inclusive, 
and the maximum and minimum incHnation of the lunar orbit 
during the same period. 

Years Tornadoes Inclination of the lunar orbit 

Apr. 5° 17' 29" 

1875 69 Dec. 4 58 42 

Mar. 5 16 45 / 

1876 — (.^ Min June 4 59 8 j 

Mar. 5 17 32 

1877 Ill Nov. 4 59 35 

Feb. 5 17 53 

1878 108 Oct. 4 59 15 

Jan. 5 16 59 

1879 98 Apr. 4 59 5 

Apr. 502 

1880 269 Dec. 5 17 41 

Mar. 4 59 39 

1881 160 June 5 17 29 

Aug. 4 59 14 

1882 266 Nov. 5 17 25 

July 5 o 7 I 

1883 589 Max Oct. 5 17 50 i 

Apr. 5 17 21 

1884 462 Dec. 4 59 39 

June 4 59 43 

1885 374 Sept. 5 17 14 

Aug. 5 17 52 

1886 243 Nov. 4 59 44 

Feb. 5 17 41 

1887 183 Min Nov. 4 59 28 ( 

Jan. 5 16 59 ^ 

The following facts demand attention: In 1876 the in- 
clination of the lunar orbit was at its minimum, and in like 
manner the storms and tornadoes were also at minimum; 
thereupon the inclination increased, and was followed by an 
increase in violent storms; then a decline in the inclination 
occurred in 1878-79, which was followed by a similar decline 
in tlie frequency of storms and tornadoes. Thereupon the 
inclination rose high the following year, 1880, and the tor- 
nadoes which in the preceding year numbered only 98, now 
reached the number of 269. Again there was a decline in 
the inclination, and again there was a simultaneous decrease 
in the frequency of tornadoes, arnl as the inclination reached 
its maximum in 1883, '^^^^ storms and tornadoes also reached 
their maximum at the same time ; and as the inclination again 
fell to its lowest minimum in 1887-88, the same epoch was 
also characterized by a minimum for violent storms and tor- 
nadoes. 



Min. 
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In view of the fact that observations have recorded a cor- 

» 

responding and simultaneous variation in the solar activity, 
it is, indeed, remarkable to notice how the magnetic waves 
from the sun, are registered by the moon as they approach 
the earth and manifest themselves in atmospheric agitations. 

§11. THE CAUSE OF THE LARGE INCLINATION OF THE ORIUTS 
OF CERTAIN PLANETS TO THE ECLIPTIC. 

Observations show, that the eruptions and protuberances 
o^f the sun are greatest and of more frequent occurrence in the 
sun's equatorial region, and that the activity of the light pow- 
er, as a rule, is greatest there. From this it follows, that the 
light-stuff is relatively denser and more powerful in the eclip- 
tic than towards higher latitudes on either side of it. The 
swiftest planets, which are nearest to the sun, consequently 
meet the greatest resistance in the ecliptic. Now since this 
resistance decreases in proportion to the rarification of the 
light-stuff north and south from the ecliptic, it follows natur- 
ally that these planets intersect the ecliptic and incline to it 
in the same manner as the moon. 

For the reason, then, that the light-force is stronger in 
the ecliptic, and most active nearest the sun, the orbit of the 
planet which is nearest to the Sun and has the greatest ve- 
locity, also has the greatest inclination to the ecliptic. 

Levericr, thus, found an inclination of 12° for Vulcan, a 
small planet between Mercury and the Sun. Mercury has 
an inclination of y° and Venus y/2° from the ecliptic. 

The decrease in the inclination of the orbits of these plan- 
'ets in proportion to the increase in the distance from the 
Sun, is thus a result of two causes, principally, namely, the 
diminution of the light-force and the decrease in the planet's 
velocity simultaneously with the increase of the distance. This 
decrease in the inclination as the distance increases, depends, 
further, upon the size of the planet, since a smaller planet 
meets a greater resistance proportionately to its mass than a 
larger one. Mercury would thus have had a greater inclina- 
tion in the orbit of Venus than Venus itself has; and Venus 
would, therefore, have had a less inclined orbit at Mercury's ; 
distance from the Sun, than Mercury itself has. 

This circumstance, that the resistance of the light-force is 
greater proportionally in relation to the power and mass of 
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the smaller planets than to that of the larger, appears to be 
the sole reason for the inclination of the orbits of the minor 
planets between Mars and Jupiter of from 8° to 30** to the 
ecliptic. The same condition is, therefore, the cause which 
prevents the reciprocal attraction of the Sun and the large 
planets from keeping the minor planets in orbits parallel to 
the orbits of the large planet§. 

In view of this, it is also evident, that Saturn's inclination 
of 2^° to the ecliptic is due to his large appendix of rings, 
on account of which he meets a much greater resistance in 
proportion to his mass than, for instance, Jupiter. 

In conclusion a few remarks mav be added as to the in- 
clination of the orbits of the moons of other planets, as, for 
instance, in the case of Uranus. This question I intend to 
deal with separately from the one discussed above. 

I will say beforehand, however, that by a thorough exam- 
ination, we shall find at least two forces, aside from that of 
gravity, acting upon the satellites. We shall also find that 
one of these forces is at work most strongly in the outer 
region of the solar system, and affects the satellites of the 
remotest planets the mo^t and determines the inclination of 
their orbits, while the other one, as shown above, acts strong- 
est on both the moons and planets which are nearest to the . 
Sun. For this reason it would be an error to assume, as some 
might be apt to do, that the inclination of the orbits of all the 
satellites to the orbits' of their respective planets is, in all 
cases, due to one and the same cause. 

(To be Continued.) 



EDITORIAL COMMENT. 



The Stone Reefs of Brazil. 

The Stone Reefs of Brazil; Their geological and geographical relations, 
ccith a chapter on the coral reefs. John C. Branner; pp. 285, 99 
plates. Bulletin of the Museum of Comparative Zoology, vol. 44, 
Cambridge, 1904. ^ 

This volume is the resuh of labor that has been in hand 
for about 25 years during which Dr. Branner, in getting the 
information upon which his conclusions are based, has gath- 
ered probably the large^ library extant on Brazilian and 
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other South American geology. He' has repeatedly visited 
and reviewed portions of* the field of study, and finally re- 
ceived the assistance of Dr. Alexander Agassiz by which he 
has been enabled to make a somewhat exhaustive studv and 
final publication of one of the most far-reaching investiga- 
tions. The problems involved are complex and difficult to be 
compassed except by long res'earch and comparative study. 

The subject of this investigation is one that is new to 
geological literature, and the methods of investigation had to 
be determined as the aspects of the problem were discovered. 
Hence it is entirely an original investigation. The geologists 
of North America may not at the outset take due notice of 
this work. But it will repay a careful reading. It brings to 
light some oceanic effects along coast lines which are either 
unknown or at least are obscure and unappreciated. It will 
add a new chapter to the dynamics of oceanic geography. 

Except for minor interruptions due to local conditions 
and agencies these reefs are formed along the east coast of 
Brazil by forces that have acted from Maranhao to southern 
Babia. Many of the important harbors and the towns located 
on them are due to the existence of the reefs. "Without these 
reefs there would be no Pemambuco, no Rio Grande do 
Norte, no Porto Seguro, no Santa Cruz, to say nothing of 
minor ports like Rio Formoso, Serinhaem, Tuape, Traicao, 
Mamanguape, and many others where the sugar boats load 
and take refuge along the whole coast from southern Bahia 
to Ceara and Maranhao.'' 

Nearly all former observers have confounded the stone 
reefs wuth coral reefs, but the latter arc more extended, run- 
ning along the coast from the Abrolhos islands in south lati- 
tude ii8\ nearly to the mouth of the Amazon river. Thest 
reefs, therefore, both affect that part of South America that 
forms the great nose or eastern projection of the coast line. 
Dr. Branner thus summarizes their geological and geographi- 
cal peculiarities: 

1. They are of sand consolidated to a hard — in places 
almost quartzitic — standstofie. 

2. They stand about flush with the water at high tide, 
while at low tide they are left exposed like long, low, flat- 
topped walls, wMth a width of from five* meters' to one hun- 
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dred and fifty meters, and a length of from a few paces to 
several kilometers. 

3. They accompany the shore line with many and great 
interruptions, from north Ceara to Porto Seguro, a distance 
of 2000 kilometers. 

4. With unimportant exceptions the reefs do not occur 
along the Brazilian coast beyond these limits. 

5. They usually stand across the mouths of sftreams and 
estuaries, fomiiing perfect natural breakwaiters for the small 
harbors behind them. Sometimes they follow the shore, either 
on the beach or at a short distance from it. 

6. They are all nearly straight. When crooked, their 

■ 

curves are gentle. 

7. The structure and position of the reefs and the ani- 
mal remains thev contain show that thev have been made bv 
the lithification of beach sands in place. 

8. When stone and coral reefs occur together, the stone 
reefs are inside or landward of the coral reefs. It is possible, 
however, that there mav be buried coral reefs !n some cases 
to the landward of some of the stone reefs. 

9. The coral reefs are now growing over and upon the 
stone reefs in some places, while at other places there are 
stone reefs overlying dead coral reefs. 

10. In general appearance, elevation, and position, the 
standstone reefs bear a striking resemblance to the coral reefs. 

The cause and history of these stojie reefs were found to 
contain the elements of a great many problems', some of them 
reaching back of the present and requiring a study of the 
geographic development of the entire coast line, a study that 
has never yet been attempted. 

After giving a general sketch of the geology of the Bra- 
zilian coast line and a detailed description of the reefs them- 
selves at numerous chief localities, the author enter^ upon an 
inquiry as to their cause. Their structure was found out to be 
that of beach sand, loose and irregularly bedded below but 
cemented into firm rock above, through a thickness of three 
or four meters, the cement being carbonate of lime. It seems 
plain that some cause peculiar to the Brazilian coast must be. 
largely responsible for such persistent off-shore beaches, elsfe 
they would be a more common phenomenon. In but few other 
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localities has Dr. Branner been able to find s\tcm reefs men- 
tioned, viz., about the shores of Asia Minor, to some extent 
about Greece and about Sicily, and upon the shores of the 
Red sea* These bear some resemblance to the stone reefs of 
Brazil and have been produced by the recent hardening of 
beach sands by the deposition of carbonate of lime. 

Consequently the invcsJtij^ration resolved itself into tho 
question: Why is this har4ening of beaches by lime appar- 
ently confined to the beaches of the Levant and those of the 
northeast coast of Brazil? 

The sands were microscopically and chemically examin- 
ed. They are mainly quartz, which is often abundantly sup- 
plied with inclusions. In these inclusions are sometimes two 
or more bubbles, and the inclusions are then believed to be of 
glass. From this circumstance the quartz is referred to a 
molten magma having a deep-seated origin and is supposed to 
have been derived from granite or some rock formed under 
similar conditions of depth and pressure. It is, however, as 
appears to the writer, more compatible with the granitic tex- 
ture to exclude glass from deep-seated structures, ami to assign 
it to surface volcanic rocks. Indeed the presence of glass in 
any rock impHes sudden cooling from a molten condition and 
that could hardly take place except at or very near the sur- 
face. If the glass be correctly identified, it is evidence hence 
of surface volcanic rock as the source of the quartz containing 
it. Chemically the cemented Sands contain over 63 i)er cent 
of silica, over 2 per cent of carbonate of lime, about 5 per 
cent of carbonate of magnesia and very small amounts of soda, 
potash, iron and alumina. 

The author considers and dismisses the following partial 
s<nirces of the material of the cement : 

1. Disfsolved from rain-water, or spray from the beach 
sands themselves; that is, carried from the upjKr layers of 
the sand and deposited in the lower ones. 

2. Dejxisited from the ocean water after having been 
derived (through agency of carbon-dioxide) from calcareous 
organic bodies in the sea. 

3. Brought down from the land by streams. 

4. Dissolved from calcareous beach sands by fresh (or 
acid) water of streams entering l)ehind them, and redeposited 
while passing seaward through these stands. 
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5. Possible influence of climate. 

While all these sources of the calcareous cementation of 
the Brazilian beaches are admitted as contributory to the re- 
sult, they do not, either singly or combined, answer the de- 
mand, because they are not exceptionally local as the beaches 
are, but are world-wide in their operation and would produce 
universal cementation of oceanic beaches. 

The author finds that calcareous deposition from oceanic 
water is in proportion to its density. He repro<Uices' a por- 
tion of a chart taken from the Challenger reports, (vol. i) 
showing the areas of densest sea wat'.rs over the globe. The 
Mediterranean and the Red sea are densest, and aside from 
those areas the east coast of Brazil and the central parts of 
the Atlantic ocean are represented as approaching nearer to 
them than any other oceanic waters. The westward moving 
tropical current is rendered more dense by evciporation in 
traversing the Atlantic from the African shores, and by the 
time it reaches Brazil it is ready to part with some of its min- 
eral solutions. The latitudes in which this current impinges 
on South America are coincident with those of the Brazilian 
stone reefs. Hence the author finally concludes': 

"The cementing material of the Brazilian stone reefs is 
chiefly lime carbonate. 

The hardening of beach sands may be produced in the 
following ways: 

1. By carbonated rain water dissolving out the lime 
carbonate in the upper ix)rtion of the calcareous sands and 
depositing it in the lower portions. 

2. By the escape of carlx>n-dioxide from the sea water 
when the surf breaks upon the beaches. 

3. By the escape of carlx>n-dioxide from sea water where 
where it is warm.ed by the tropical sun. 

4. By the submarine escape of carl)on-di()xide from 
about volcanic vents. 

'*Thcse processes may have contributed somewhat to the 
hardening of the Brazilian reefs, but they do not seem compe- 
tent to account for them altogether. These theories are 
especially incapable of accounting for the lithification of 
beaches behind older reefs." 

"The dis^tribution of the consolidated beaches of northeast 
Brazil leads to the inference that the consolidation is directly 
related to the density of the sea water." 



324 The American Geologist. November. i904. 

As to the age of these beaches, they seem to l>e interbedded 
only with Pliocene and recent rocks, although they are built 
against rocks of all ages. It is therefore inferred that the 
formation of the stone reefs began in early Pliocene times, 
and that it has continued to the present. 

It isf probable, therefore, that the Brazilian coast has been 
extended eastward by this process of land-making and that it 
will continue to be extended until some geological revolution 
diverts or destroys the equatorial current. That branch of 
this current which passes northwestward becomes so diluted 
by the fresh waters of the Amazon that its mineral solutions 
are carried on and do not serve to cement the beach sands. 
The same change takes place, doubtless, in the waters of the 
southern branch of this current, by reason of the greater and 
freer drainage from the land in reaching the southern sub- 
tropical and temperate latitudes. In the tropics, as' in the 
Levant, the surface waters are largely evaporated before 
reaching the ocean. 

The volume is accompanied by numerous plates, taken 
from photographs rq>roduced in the excellent style for which 
the Museum of Comparative Zoology is known, and by hydro- 
graphic charts from the Brazilian surveys and original surveys 
bv the author and his assistants. n. h. w. 
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The Geology of the IVatkins and Elmira Quadrangles accompanied by 
a Geologic Map; bulletin N. Y. State Museum 8r, 1904; John M. 
Clarke .md D. Dana Luther. 

Tlie Walkins and Elmira quadrangles lie to the east of the Canan- 
daigua-Naples sheet which has but recently been issued and the work 
now published has been carried out as a continuation of the former 
areal mapping. An interval between the two sheets is now in process 
of survey. As in the former work the large scale of the map has been 
made use of in dehneating the variations in the formations with great 
exactitude, since experience has shown that in the terranes under in- 
vestigation a reliable basis of discrimination of such refined sub- 
divisions as the authors have arrived at can be found alone ireither 
in geologic nor in paleontologic data. 
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The rocks shown upon this map all belong to the late Devonic and 
they have been classed in the following divisions : 

^, ( Chemung sandstone and shale 

Chautauquan j prattsviUc shale 

High Point Sandstone 
West Hill flags and shale 
Grimes sandstone 
Hatch shale and flags 
Rhinestreet black shale 
Parrish 'limestone 
Cashaqua shale 
West River sliale 
Genundewa limestone 
I Genesee shale 

The distinction between Genesee shale and West River shale (the up- 
per division of the Genesee shale series) which obtains further west is 
still maintained in this region while the Middlesex shale, a distinct 
stratigraphic element, at the base of the Cashaqua shale in the Naples 
quadrangle is no longer recognizable in the Watkins quadrangle. Both 
the Parrish limestone and the Rhinestreet shale have been traced as far 
as Seneca lake, but are not known east of that meridian. 

In the Hatch shales and flags which attain a thickness of 440 feet, 
a distinct oscillation between the areas of the western or Naples fauna 
and the eastern or Ithaca fauna has been observed. 

The High Point sandstone has iji this quadrangle furnished cal- 
careous lenses with their characteristic brachiopod fauna. 

The Prattsburg shale, a nam)e proposed in the explanation of the 
Naples sheet for the eastern extension of the Wiscoy shale in which a 
typical Chemung brachiopod fauna appears, is strongly developed in 
the Watkins quadrangle and has furnished a large fauna. 

In order to arrive at the precise use of the term "Chemung" which 
has in late years been more or less identified with the horizon of Spirifer 
disjuncttis, the authors have found it necessary to return to Hall's 
original employment of the name, since in this eastern region Spirifer 
disjiinctus does not appear until the period of Chemung deposition is 
well nigh over. The region here considered is that from which the 
original definition of the term was derived. This typical Chemung 
attains in the Elmira quadrangle a thickness of 800 feet. 

The aggregate thickness of the Upper Devonic formations repre- 
sented on the sheet is approximately 2244 feet. There are some not- 
able undulations of the strata which present striking northern dips. 

Geology and Water Resources of Part of the Lower James River Val- 
ley, South Dakota. By J. E. Todd and C. M. Hall. U. S. Geol. 
Survey, Water Supply and Irrigation Paper No. 90. Pages 47, with 
23 plates. 1904. 
The area here described, partly from field work by the late Prof, 

Charles M. Hall, includes the Alexandria, Mitchell, Huron, and De 
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Smct quadrangles of the national topographic survey, together cov- 
ering a. square degree in latitude and longitude. An unevenly eroded 
surface of tbe Sioux quartzyte vva's enveloped by the Cretaceous series 
of the Dakota, Benton, Niobrara, and Pierre formations, almost level 
in stratification; and upon these are spread the till and modified drift, 
with the Gary and Antelope moraines. Artesian wells are obtained 
throughout neady the entire district, as also farther north and south 
along the Tames valley, deriving their waters from various horizons in 
the Dakota sandstone, and from higher sand beds included in the Ben- 
ton shales. The numerous maps of this report, and its very abundant 
drafted sections of the strata penetrated by deep wells, give a most de- 
tailed view of the rock formations and the artesian water supply. 

vv. u.. 

Gfacial Waters from Oneida to Little Falls. By Herman' L. Fairchild. 

Report of the New York State Geologist, 1902; pages ri9-r4i, with 

26 plates, including three folded maps. Albany, N. Y., 1904. 

Elaborate field studies and maps, with photographic illustrations, of 
the numerous small glacial lakes and their channels of outflow in cen- 
tral New York, east of the great glacial lake Iroquois, are presented in 
this paper. The front of the continental ice-sheet receded northwest- 
ward from this upper pari; of the Mohawk valley, which was thus open- 
ed slowly from Little Falls to Oneida and Rome, before the water 
body in the basin of lake Ontario completed its fall from the level of 
lake Warren ic that of lake Iroquois, a vertical fall of about 440 feet. 

Three stager- in the Late Glacial and Postglacial history of the upper 
Mohawk valley are recognized by Prof. Fairchild, w^ho summarizes 
them as follows : 

**i. The Pre-Iroquois or Glaciomohawk waters. These were held 
in the valley during the ice retreat. They would have been lacustrine 
except for the detrital filling, but were probably fluviatile in the section 
l)elow IJtica. 

*'2. The Iromohawk river. This great river, draining lake Iro- 
quois and the area of the Great lakes, was the predecessor of the St. 
Lawrence ajid was the equal of that river in size and possibly in 
length of life. For some thousands of years it swept the valley, 
trenching the rock barrier at Little Falls and grading its channel to that 
falling base level 

'^3. The Mohawk river, the shrunken successor of the Iroquois 
flood. 

l"Jt would be interesting if we could apportion with some certainty 
the work of the three stages. It seems likely that the work of the last 
stage, the present river, has been comparatively small. The dimin- 
ished river has cut only about 20 feet into the channel which it found, 
and is meandering in a discouraged and listless way over the broad 
plain of its gigantic ancestor. It is imable to lower greatly for itself 
the rcKk barrier. But l>etween the effects of the first two stages the 
decision is not so clear. The Glaciomohawk waters were large in vol- 
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lime and long in life, with great erosive power. Perhaps they not only 
denuded the Archean rocks at Little' Falls, but cut these dovm to the 
terraces under 500 feet. Then the Iromohawk used the remaining 
drift in the valley as an abrasive to rasp down the rock barrier to near 
its present 'condition, cutting away the valley deposits of the earlier 
stage and grading its channel to the falling outlet." 

The time occupied in the retreat of the ice-sheet from the south 
to the north side of the Adirondack mountains, until it permitted lake 
Iroquois to be drawn down below its Rome outlet, seems to the re- 
viewer to have been probably shorter than it is estimated by the author ; 
for the whole duration of lake Agassiz, the largest of our glacial lakes 
and far the longest from south to north, appears to have been no more 
than about one thousand years. 

Furthermore, the time required for the erosion of the gorge below 
Niagara falls, comprising both the Iromohawk stage and the Post- 
glacial stage of the present Mohawk river, is shown by the investiga- 
tions of Wright and the present reviewer to have been probably no 
more tjjan 10,000 or evei^. 7,000 years; as likewise the age of the gorge 
below St. Anthony falls on the Mississippi, from Fort Snelling to 
Minneapolis, eroded during practically the same period as the Niagara 
gorge, is estimated by Winchell to have l)cen about 8,000 years. In 
that period, the part belonging to the Iromohawk river, that is. to the 
life of the glacial lake Iroquois, could be only a quarter or a fifth, or 
less, leavinjj much the greater part of the period as the time since 
the front of the ice- sheet retreated beyond our northern international 
boundar>'. w. u. 



MONTHLY AUTHOR'S CATALOGUE 

OF AMERICAN GEOLOGICAL LITERATURE 
ARRANGED ALPHABETICALLY. 



ADAMS, GEO. I. (A. H. PURDUE and E. F. BURCHARD). 

Zinc and lead deposits of northern Arkansas. U. S. G. S., Prof. 
Pap. 24, pp. 118, pis. 27, 1904. 

BECKER, GEO. F. 

P^xperiments on schistositj' and slaty cleavage. Bull. 241, U. S. 
G. S., 1904. 

BERRY, E. W. 

The Cretaceous exposure noar Cllffwood, N. J. (Am. Geol., vol. 
34, pp. 253-261. Oct., 1904.) 

BURCHARD, A. H. (G. i. ADAMS and A. H PURDUE). 

Zinc and lead deposits of northern Arkansas. U. S. G. S., Prof. 
Pap. 24, pp. 118, pis. 27, 1904. 



328 The Avicrican Geologist, November, iso*. 

CLEARMAN, HARRIET M. 

A geological situation in the lava flow, with reference to the 
vegetation. (Proc. Iowa AcJid. Sol., vol. 11, p. 65, 1904.) 

COOK, A. N. 

A new deposit of Fuller's earth. (Proc. Iowa Acad. Sci., vol. 11, 
p. 135,. 1904.) 

COLEMAN, A. P. 

The Iroquois beac-h in Ontario. (Bull. G. S. A., vol. 15, pp. 347- 
36S, pi. 22, June. 1904.) 

CROOK, A. R. 

Molybdenite at Crown Point, Washington. (Bull. G. S. A., vol. 
15, pp. 283-288, pis. 12-13, June, 1904.) . 

CROSS, WHITMAN. 

New Devonian Formation in Colorado. (Am. Jour. Sci., vol. 18, 
pp. 245-253, October, 1904.) 

DARTON, N. H. 

Comparison of the stratigraphy of the Black Hlus, B^^ Horn 
mountains and Rocky mountain front range. (Bull. G. S. A., vol. 15, 
pp. 379-448, pis. 23-36, August, 1904.) 

DOWLING, D. B. 

Pleport of fin exploration of Ekwan river, Sutton Mill lakes, and 
part of the west coast of James bay. (Geol. Sur. Can., vol. 14, Part 
F., pp. 60, 1904.) 

EASTMAN, C. R. 

Fossil plumage. (Am. Nat., vol. 38, p. 669, Sept., 1904.) 

EASTMAN, C. R. 

Upper Devonian fish remains from Colorado. (Am. Jour. Sci., 
vol. 18, pp. 253-261, Oct.. 1904.) 

EASTMAN, C. R. 

A recent paleontologiral induction. (Science, vol. 20, p. 465, Oct. 
7, 1904.) 

ECKEL, E. C. 

The non-metallic mineral products of the United States. (Min. 
M?g., vol. 10, Sept., 1904, pp. 167-174.) 

EMMONS, S. F. (J. IRVING and T. A. JAGGAR, JR ) 

Economic resources of the Northern Black Hills. U. S. G. S., Prof. 
Pap. 26, pp. 222, pis. 22, 1904. 

FINCH, G. E. 

Notes on the position of Nileus vigilans in the strata at Elgin, 
Iowa. (Proc. Iowa Acad. Sci., vol. 11, p. 179, 1904.) 

FULLER, M. L. 

Rice irrigation in southern Louisiana. (Wat. Sup. Irri. Pap., No. 
101, pp. 82-98, 1904.) 

FULLER, M. L. 

(Contributions to the Hydrology of the eastern United States. 
U. S. G. S.. Wat. Sup. Irri. Pap. No. 102, 1904. Maine by W. S. Bay- 



Atithafs Catalogue. 329 

ley; New Hampshire, J. M. Boutwell; Vermont, Geo. H. Perkins; 
Massachusetts, W. O. Crosby; Rhode Island, W. O. Crosby; Con- 
Connecticut, H. E. Gregory; New York, F. B. Weeks; Georgia, S. W. 
McCalUe; Florida. M. L. Fuller; Alabama, EL A. Smith; Mississippi. 
L. C. Johnson and E. C. Eckel; Tennessee, L. C. Glenn; Kentucky, 
L. C. Glenn; Arkansas, A. H. Purdue; Missouri, B. M. S'hepard; 
Minnesota, C. W. Hall; Lower Michigan, \V. F. Cooper. 

GARRISON, F. L. 

The iron ores of Shady valley, Tennessee, (Bng. Min. Jour., vol. 
78, p. 690, Oct. 13, 1904.) 

GRANT, U. S. 

Investigations in the Lake Superior iron ore deposits. (MIn. Mag., 
vol. 10, pp. 175-185, Sept.,. 1904.) 

GREENE, G. K. 

Contribution to Indiana Paleontology, Part 20, New Albany, Ind. 
Sejt. 20. 1904, pp. 198-204, pis. 5S-60. 

HARRIS, G. D. 

Underground waters of southern Louisiana. U. S. G. S., Wat. 
Sup. Irri. Pap. No. 101, pp. 98, pis. 11, 1904. 

HAY, O. P. 

Fossil turtles belonging to the Marsh collection In the Yale Uni- 
versity Museum. (Am. Jour. Sci., vol. 18, pp. 261-277, Oct., 1904.) 

HOBBS, W. H. 

Tectonic Geography of Eastern Asia, III. (Am. Geol., vol. 34, pp. 
214-26, Oct., 1904.) 

IRVING, J. D. (8. F. EMMONS and T. A JAGGAR, Jr.) 

Economic resources oC the northern Black Hills. U. S. G. S., 
Prof. Pap. 26, pp. 222. pis. 20, 1904. 

JAGGAR, T. A., Jr. 

Economic resource.^ of the northern Black Hills. U. S. G. S., 
Prof. Pap. 26, pp. 222, pis. 20, 1904. 

KEYES, C. R. 

Remarkable occurrence of aurichalcite. (Proc. Iowa Acad. Sci., 
vol. 11, p. 253, 1904.) 

KEYES, C. R. 

Note on the Carboniferous faunas of the Mississippi valley in the 
Rocky mountain region. (Proc. Iowa Acad. Sci., vol. 11, p. 258, 1904.) 

KEYES, C. R. 

Certain basin features of the high plateau region of southwestern 
Unued States. (Proc. Iowa Acad. Sci.. vol. 11, p. 254, 1904.) 

KNAPP, G. N. (H. RIES and H. B. KUMMEL.)' 

The clays and clay industry of New Jersey, vol. 6, of the Final 
Report of the State Geologist, pp. 547, pis. 56, 1904. 

KNIGHT, NICHOLAS. 

Some features in the analysis of dolomitic rocks. (Proc. Iowa 
Acad. Sci., vol. 11, p. 127, 1904.) 



330 The American Geologist, November, 1904. 

KUMMEL, H. B. (H. RIE8 and G. N. KNAPP.) 

The claj's and clay Industry of New Jersey. Vol. 6, of the Final 
Report of the State Geologist, pp. 547, pis. 56, 1904. 

LEE, W. T. 

The xinderground v.-aters of Gila valley. Arizona. Wat. Sup. Irri. 
Pap. No. 104, pp. 71, pis. 5, 1904. 

LEVERETT, FRANK. 

Review of the Glacial Geolo^' of the southern peninsula of 
Michigan. (Mich. Acad. Sci., 6th Annual Report, pp. 100-110.) 

LINDGREN, WALDEMAR. 

A geological reconnoissance acro.ss the Bitter Root range and 
Clearwater mountains in Montana and Idaho. V. S. G. S., Prof. 
Pap. 27, pp. 122, pl3. 15, 1904. 

LOUDERBACK, G. D. 

Basin Range Structure of the Humboldt region. (Bull. G. S. A., 
vol. 15, pp. 2Sa-346, pis. 14-21, July, 1904.) 

MISTOCKLE8, N. 

The Untenableness of the Nebular Theory. (Am. Geol., vol. 34, 
pp. 226-242, Oct., 1904.) 

MORGAN, W. C 

The origin of bitumen. (Cal. Jour. Tech., vol. 4, p. 49, Sept., 
1904.) 

OGILVIE, I. H. 

Geological notes on the vicinitj' of Banff, Alberta. (Jour. Geol., 
vol. 12, pp. 408-414, July-Aug., 1904.) 

PEET, C. E. 

Glacial and post-Glacial history of the Hudson and Champlain 
valleys. (Jour. Geol., vol. 12. pp. 415-470, July-Aug., 1904.) 

POWER, F. D. 

Deep alluvial mining in Victoria. (Eng. MIn. Jour., vol. 78, p. 
509, Sep. 29, 1904. 

PROSSER, CHA8. S. 

De.^cription and Correlation of the Romney formation of Mary- 
land. (Jour. Geol., vol. 12, pp. 361-372, July-Aug., 1904.) 

PURDUE, A. H. (G. I. ADAMS and A. H. BURCHARD.) 

Zinc and lead deposits of northern Arkansas. U. S. G. S., Prof. 
Pap. 24, pp. 118, pis. 27, 1904. 

RAYMOND, R. W. 

Biographical Notice of William Henry Pettee. (Trans. Am. Inst. 
Min. p:ng., Sept., 1904.) 

RICKARD, T. A. 

Copper Mines of lake Superior. (Enff. Min. Jour., vol. 78. p. 585, 
Oct. 13, 1904.) 

RIES, HEINRICH. (H. B KUMMEL and G. N. KNAPP.) 

The clays and clay industry of New Jersey. Vol. 6, of the Final 
Report of the State Geologist, pp. 547, pis. 56, 1904. 



Authors Catalogue. 331 

RIES, HEINRICH. 

Note an the tensile strength of raw clays. (Trans, Am. Ceramic 
Soc, vol. 6. pp. 9, Feb., 1904.) 

RIES, HEINRICH. 

The refractoriness of the New Jersey flre-brick. (Trana. Am. 
Ceramic Society, vol. 6, pp. 9. Read Feb., 1904.) 

SAVAGE, T. E. 

A buried peat bed and associated deposits. (Proc. Iowa Acad. 
Sci., vol. 11, p. 103, 1904.) 

SINCLAIR, W. J. 

The exploration of the Potter Creek cave. (Rec. Past., vol. 3. pp. 
275-282. Sept 1904. Abstract.) 

SPENCER, A. C. 

The coppor deposits of the Encampment district, Wyoming:. U. 
S. G. S.. Prof. Pap. 25. pp. 107, 2 pis, 1904. 

STOVALL, D. H 

Placer and hydraulic mining. (Min. Mag., vol. 10, pp. 195-198, 
Sept., 1904.) 

TAYLOR, F. B. 

Post-Gladal changes of altitude in the Italian and Swiss lakes. 
(Bull. G. S. A., vol. 15. pp. 369-378, Aug.. 1904.) 

ULRICH, E. O. 

Determination an«d correlation of formations fof northwestern 
Arkansas]. (Prof. Pap. No. 24. U. S. G. S., pp. 90-113.) 

UPHAM, WARREN. 

Glacial and modified drift in nnd near Seattle, Tacoma and Olym- 
pla. (Am. Geol., vol. 34, pp, 203-214. Oct.. 1904.) 

WASHINGTON, H. S. 

Manual of the chemical analysis of rocks, pp. 183. $2.00. John 
Wiley & Sons. New York, 1904. 

WATSON, THOMAS L. 

Granites ol North Carolina. (Jour. Geol.. vol. 12. pp. 373-407, July- 
Aug., 1904.) 

WEED, W. H. 

Occurrence* and distribution of coi>i)er in the United States. 
(Min. Mag., vol. 10. pp. 1N5-193. Sept.. 1904.) 

WHITEAVES, J. F. 

Uintacrinus and Hemiaster in the Vancouver Cretaceous. (Am. 
Jour. Sci., vol. 18, pp. 287-290, Oct., 1904.) 

WINCHELL, N. H. 

Notes on t* very brilliant meteorite. (Pop. Astron., vol. 12, p. 
253. October, 1904.) 

WINCHELL, N H. 

The Baraboo Iron ore. (Am. Geol.. vol. 34, pp. 242-253, Oct., 1904.) 



332 The American Geologist. November. i904. 
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Palaeontologia Universalis. — The writer desires ro call the at- 
tention of American geologists to the fact that this very important work 
has but 21 subscribers in the United States, while France has 63 and 
Germany jG. Certainly the geologists and geological libraries of this 
country are not yet supplied with this publication. Fasciculi I and II 
have been issued ; these contain 97 sheets redescribing and refiguring 46 
of the 9ld and little known species. It is intended to issue annually 
from 150 to 160 sheets, treating of about 80 species. 'Hie annual sub- 
scription price is $8.00. Subscriptions may be sent to G. E. Stechert, 
No. 9, East i6th street, New York city. Those persons or institu- 
tions desiring further information regarding this work, with samples 
of the plates, will be supplied on application to professor Charles Schu- 
chert, Yale University Museum, New Haven, Conn. chas. schuchert. 

The Type of Aviculipecten. Commenting, in the September 
iiumber of the American Geologist, upon a note of mine regarding 
the type species of Aviculipecten, McCoy, Mr. Wheelton Hind find^ just 
cause to regret that I had not, before writing, seen his monograph 
upon the CarlK)niferous Lamellibranchiata. It is so easy to overlook 
publications in these days of redundant literature, that one is loath to 
have the appearance of being thus at fault when really to a consider- 
able extent blameless. Mr. Hind's monograph was one of the first 
works consulted when I undertook to ascertain the true characters of 
Aviciilipecicn. I was thoroughly sorry not to find, in the set to which 
I had recourse, the portion -of his work dealing with that genus, and 
concluded, mistakenly as I now find, that it had not yet been publish- 
ed. A short time thereafter, when the work really did come be- 
fore me, an effort was made to recall my manuscript for reconsider- 
ation, but it was found to have already passed the press. 

The fact, as pointed out by Mr. Hind, that the names thus unwit- 
tingly used in my discussion turn out to be in many cases synonyms, 
is subordinate in importance to my conclusion that the typical species of 
Aiiculipectcn is a quite different one from that which he regards as such. 
He remarks upon this point: 'T think, in the unfortunate circumstance of 
the absence of any definite indication, that it is a good and simple rule 
to regard the first described species as the type of the genus. All that 
Mr. Girty has to say as to the locality is imjxortant, but nevertheless an 
author has some object in view in the arrangement of his species, a-nd 
as McCoy adopted no alphabetical order, we must presume that he in- 
tended .i. planiradiatus to be the type."' I think Mr. Hind must have 
written these words l)y oversight, for as I pointed out in my original 
note, McCoy elsewhere arranges his species alphabetically, and in the 
case of the paper containing the generic description of Aviculipecten 
also, the species, so far as their number in each case permits, are so ar- 
ranged. This is true of the two species A. planiradiatus and A. ruth- 
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zetii. Under the circumstances, therefore, the assumption that by the 
arrangement of the two new forms which he took that occasion to de- 
scribe McCoy intended to designate A, planiradiatus (now, according 
to Hind, A. tabulatus) as the type of Aviculipecien, seems unjustified, 
especially' since it is quite certain that A. doccns (now, according to 
Hind, A. scinicostatus) was the species which McCoy figured to show 
the structures of Az'icuUpectcHf and which, according to his own state- 
ment, was the one that taught him the distinctive characters of the genus. 
It S'jcms to me clear, therefore, that A. doccns McCoy (t=.i, Hcxuosus 
yicCoyzziA. scmirostatus Portlock) is the only species which with pro- 
priety can be considered typical of Aviculipccten. 

GEORGE H. GlfClY. 



PERSONAL AND SCIENTIFIC NEWS. 



Dr. Iu)\vaku II. Krais has been appointed instructor in 
mineralogy at the University of Michigan. 

Among the topographical maps recently issued by the 
United States Geological Survey are the following: Park- 
ersburg, \V. \\i. ; Yanceboro, X. C. ; San Diego, Calif. ; Apal- 
achin, N. Y. ; P>oston, Mass.; IJastrop, Texas; Honcoye, X. Y. 

Ja:mk.s Walter Goldtiiwait, of Lynn, Mass., has been 
ai)pointed instructor in geology in Xorthwestcru University. 
Mr. Goldthwait took his college course at Ilan/ard, where he 
has' also done graduate work and where he has been for two 
years past teaching fellow. 

The fourth New England intercollegiate geological 
FIELD excursion was held at Worcester, Mass., on Saturday, 
Oct. 22, under the direction of Mr. Joseph H. Perry of the 
Worces'ter High School. The excursion was attended by over 
forty persons, inchiding representatives of Amherst, Harvard, 
Massachusetts Institute of Technology, Smith, Wellesley, Wil- 
liams, Worcester Polytechnic, and Yale, and of St. Mark's 
School, Worcester Academy, Worcester High School and 
Worcester X'ormal School. A general statement of the prob- 
lems to be studied was made by Mr. Perry on the evening be- 
fore the excursion in the rooms of the Worcester Natural His- 
tory Society. The field kxralities showed outcrops and quarries 
of slates and quartzytes. assigned to the Carboniferous period, 
greatly deformed and eroded, with many large and small gran- 
itic intrusions. An excursion to some point on the sea coast 
will probably be made next year. 
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IXITEI) STATES GEOI.IXIICAL SL"R\EV. 

Tile Second Annual Report of the Re<rlamati< -n 
volume of 550 pafres with ma]}S- and illiistrati- ■n-, 
cenlly tjeen issued as House Document +4. fift_v-t:;_ 
gress. second sessicn. This report contains an at-e" ;: 
resuks accompIishe<l during the field season iif n t^ j 

■■ [iiblit^raphy and index of North American 
paleont'jlogy, petrologj and mineralogy' for the- ><.-;. 
i)\ I-. IJ. Weeks, has recently been isSued as Bullt-tin 

The forthcominjT volume on mineral n-sotirot-s 
f*rr the first time since 1898. tables sliowinp the ri-<-:i' 
alyses and tests of buiUHng stones. 

The coal and coke resonrces of the Latrolx-. IVnii- 
region are dcscrilxxl by \\". R. Caniplx-ll in Fr>Ir'> _\ 
which has been recently issued. 

The niagnesitc i)ro<iuct of the L'nited States l-.-.i 
year entirely frcm California. Sj)eciat mention ••{ ■••■ 
stance is made bv C. G. Yale in the "Mineral Kcs'iir,. 

The Xew Vokk Ac.ujemv df Sciences. Oit. 17, TI: 
gram of the evening consisted'of a lecture hy K. < >. ii 
on "St. \'incent. Ilritisli West Indies. The Erupiifii- ■ ■:" 
and their immediate results." 

The aqthor gave a summary account of the re>nii~ ■ 
ed on two exi>edilinns undertaken by him for the A:r; 
.\lu!-inni of Xatural History in i<p2 ami K^oj. fur li;i - 
01 cIk- volcanic eruptions of the Soufriere which }<i-l:^-.\ 
May. l>j(}2. Particular attention was devoted to the In 
coating of volcanic a.sh de|)osited ui>on die nonliern ;) r 
of the island of St. X'incent and the ash-filliiig of tlie - 1 
of the Wallibon and Rahaka Dry rivers, the devris:::i 
wrought in the forests and on the piantatiuns within a r;i-. 
oi aUtut five miles from the crater and the phenomena 1.;" j 
ntary erupli'ms olfserved in the crater and of sfcondar\- i.-. 
ti'iis observed in the Wallihnu ami Rahaka ash-l>eds. 
nature of the c\pli«ling eruption cimul was disi-ussed ai:-' 
way, shown how the heavilv dust-laden steam cii'ud kept c! < 
to the surface of the ground under the influence of grav: 
whiie its initial velociiv was furiiished bv the iioHzomal c ■ 
(K.iicnt of the expl.,si..n. 

Ai>'.ui eighty kiniern-slides were used in illuitratiiiq- 1/ 
sjjeaker's remarks. 

The result of ball.it for officers was ilif elerlion of R. c 
H'lvev for vice-pre'-icient and chainnan of the Seciii ri •" 
Gcliigy and Mineralogy, and Dr. A. W. Grahau of Coli,r;:f,, 
rniviT-itv for secretarv. 



• - - . . . 



' '.1 ,-. :.r^ 



«1- .7^ 












-J . 



» •f • ♦ 






,'„ . I't^"",' •• 

111 • * 



•;M-ti 



•r 



WW f^ '■ 



Th> AmibIcui Geoloqibt, Toi.. ICXXtT. Platr XVII. 



No. I. View of eastern wall of llie Leyndccker quarry in Litho- 
polis. Mr. Wilkinson stands on the lop of No. lo of the Lithopolis 
section and indicates with his hand the top of the Buena Vista member. 



No. 2. Sandstone layer, No. 6 of the Lithopolis section, which 
makes the fall in the Leyndecker glen and is thought to represent the 
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INTRODUCTION 

From fifteen to twenty miles east and southeast of Colum- 
bus are interesting exposures of most of the formations com- 
posing the Waverly series. These formations are shown to no 
better advantage at any other place readily accessible from 
Columbus and heretofore these localities have been either 
very imperfectly described or not at all. A study of these 
rocks has furnished additional information regarding the char- 
acter of the Waverly formations in central Ohio which is con- 
sidered of sufficient interest to warrant publication. Some of 
the sections were first studied while engaged in areal work on 
the East Columbus quadrangle for the U. S. Geological Sur 

* Published by permission of Edwabd Obton, Jb., State Geologist of Ohio. 
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vey in which Dr. Edgar R. Cumings ably assisted; but later 
they have been given a more thorough detailed study by the 
senior author. 

The greater portion of the region under discussion is the 
hilly country in the northwestern part of Fairfield county and 
northeastern part of Pickaway. Although the edge of this hilly 
district in a direct line is only 15 miles or a little farther south- 
east of the Capitol in Columbus it has never been described. 
In many respects it affords the most satisfactory exposures of 
the Waverlv formations to be found in central Ohio and on 
this account is of .^special interest to the stratigraphic geologist. 

The hills just enter the southeastern comer of Franklin 
county bordering Big run for about one mile, the northwest- 
ern limit of which is about four miles southeast of Groveport. 
It is really a plateau dissected by numerous* small streams, giv- 
ing the topography a somewhat rugged aspect and the excel- 
lent exposures of the various formations are due to the eroding 
agency of these streams. 

The geology of Franklin county was described by Dr. 
Orton and the "Waverly group" is represented on the geolog- 
ical map of the county as crossing its southeastern comer,* 
but there is no account of the Waverly formations as shown in 
the broken country where Franklin, Pickaway and Fairfield 
counties corner. 

LITHOPOLIS AND VICINITY 

In the narrow glen running parallel with the main street of 
Lithopolis, Fairfield county, known as Leyndecker glen or 
Dutch Hollow, which forms the northeastern boundary of the 
village, occurs one of the best sections to he found in central 
Ohio for studying the relations of the lower formations of the 
Waverly scries. The exposures begin with very soft argil- 
laceous shales capped by compact, heavy beds of Berea grit at 
a distance of about one-half mile below the highway bridge 
crossing the glen. This lowest shale probaWy belongs at the 
top of the Bedford formation while the Ohio shale is not seen 
in the immediate vicinity of Lithopolis. It may be seen, how- 
ever, on the banks of the Little Walnut creek at both crossing^ 

* R€pt. Gcol. Surr. Ohio, vol. iii, 1878, op. p. 600. 
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on the roads from Canal Winchester to LithopoHs. The de- 
tailed section of this glen is given below. 

LithopoHs Section 

Total 

No. Thickness, thickness. 

16. Cuyahoga formation. Bank on western side 14' 114^' 

of Joseph Leyndecker's quarry shows 14 feet 
of shales and thin sandstones to the soil on its 
top. 

15. Sandstone stratum, which on the eastern bank I'g" 100^' 

of the quarry is i foot 5 inches. 

14. Rather sandy shales with two or more thin s'4'' 99' 

sandstones, from 4 to 8 inches in thickness. 
This zone on the eastern wall is 5 feet 5 inch- 
es in thickness. 

13. Light gray compact smdstone which forms 2' 93'8" 

a prominent stratum on the banks of the quar- 
ry. It varies in thickness on the western bank 
. from I foot 10 inches to 2 feet i inch, is 2 
feet 8 inches on the southc-astcrn and reaches 
2 feet II inches in the eastern bank where it , 

is very compact, but splits into two layers. 

12. Dark to bluish-gray rather sandy shale which ^'6" 9l'8'' 

is 3 feet in thickness on the eastern wall of 
the quarry, 3 feet 9 inches on the southeast- 
ern and 3 feet 6y2 inches on the western wall. 

II. Top of Buena Vista member. Zone of two or 5'-^ 88V 

three sandstone layers, alternating with shales, 
which is 4 feet 8 inches thick at the southern 
end of the western bank, 5 feet at the north- 
ern end of the same cliff and 6 feet on the 
eastern bank. The section at the routhern end 
of the western bank from the base up is 3 
inches sandy shale, i foot 10 inches quite mas- 
sive sandstone, i foot 5 inches bluish argil- ♦ 
laceous shale and i foot 2 inches sandstone ; at 
the northern end of the same bank the lithol- 
ogy has changed as follows : ,s inches shale, i 
foot I inch sandstone, i feet i inch shale, i 
foot 2 inches sandstone, 4 ii:cUes shale and I 
foot I inch sandstone. On i.e southeastern 
wall the section of this zone 11 cm the base up 
is sVi inches blue shale, 2 led 5 inches sand- 
stone, I foot 8 inches shale with i iout of sand- 
stone at the top. The quarrymen tell mc that 
the middle sandstone noted at the northern 
end of the western bank begins with a harder 
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layer of shale in the 20 inch ^hale stratum of 
the southeastern wall and gradually increasing 
in thickness could be followed, before the 
bank was partly covered by talus, from this 
point to the northern end of the quarry's west- 
err wall. The section of this zone oh the east- 
ern bank is as follows : 5 inches thin sandstone 
to shale, i foot 5 inches light gray sandstone, 
10 to II inches dark gray argillaceous shale, 
I foot sandstone, 5 inches argillaceous shale, 
I foot 3 inches light gray sandstone and 8 
inches sandy shale to thin sandstone. This 
zone is shown in Fig. i where Mr. Wilkin- 
son's hand indicates its top while he stands on 
top of No. 10. 
la A massive, fine grained light bluish sand- 3'6''dh: 83'2* 

stone which is the most valuable stratum in 
the quarry, varying in thickness, as meas- 
ured on the quarried blocks, from 3 feet 2 
inches to 3 feet 9 inches, and the quarrjrmen 
report that it varies from 2 feet 6 inches to 4 
feet 2 inches in thickness. This layer is a valu- 
able freestone, and Mr. Leyndecker states that 
it received a prize at the Columbian Expositioh 
at Chicago. 

9. Banks of the creek below the covered bridge 2<db' 79'8* 

show that this interval consists of dark gray 
shales altemaiting with sandstones, which va- 
ry from 5 inches to i foot 2 inches in thick- 
ness. This is a rather difficult interval to 
measure with a hand 'level and the results dif- 
fer somewhat; but the writer recently made 
it 25 feet and his assistant Mr. J. A. Wilkin- 
son 27 feet 3 inches. 

8. Sandstone stratum i foot 7 inches thick, 10 4'8* 54*8* 

inches shale and heavy bluish sandstone stra- 
tum 2 feet 3 inches thick at base. 

7. Gray somewhat arenaceous shale, and thin 4*2' 50' 

sandstone layers. 

6. A heavy layer of blue, iron-stained sandstone, 2' 10'' 45'io' 

which forms a small fall in the stream and a 
little below may be seen on its eastern bank. 
In the fall about 8 inches of the sandstone 
remains which is shown in Fig. 2. This ap- 
parently corresponds to the "City Ledge" 
in the Ohio cliffs near Buena Vista, 

5. Gray argillaceous shale, which is very soft and 5' 43' 

gritless. On the bank of the stream a little 
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below the fall 4 feet 2 inches is shown and 

probably the thickness of the zone id a few 

inches greater. Mr. Cumings gave this shale 

as Sit. feet and Mr. G. F. Lamb makes it just 5 

feet. The base of the shale marks the base of 

the Cuyahoga formation. 
4. Sunbury shale. Black, fissile shale, in very 28^' 38^ 

thin laminae, considerably iron-stained on old 

exposures. A little above its contact with the 

Berea the shale forms a bank 15+ feet high on 

the western side, where some of it is rather 

grayish in color and softer than it is generally 

found. Farther up the stream on the op- 
posite side is another 15 foot bank of black 

shale, above which is the mainly covered gray 

shale zone at the base of the Cuyahoga forma- 
tion, capped by the overlying sandstone. The 

contact of the Sunbury shale and the shale 

zone at the base of the Cuyahoga formation, 

however, may be seen in the bed of the stream 

a short distance below the fall formed by No. 

6 of this section. 

In the bed of the stream, 31/2 inches above • 

the top of the Berea grit, is a thin, but 

very fossiliferous zone^ This is the one al- 
most universally found very near the base of 

the Sunbury shale and at this locality con- 
tains numerous specimens of Lineula melie 

Hall, some of a larger Lingula, Lingulodis- 

cina Newberryi (Hall) Schuchert and frag- 
ments of fish. It is somewhat difficult to 

measure the thickness of the Sunbury shale 

with a hand level on account of the distance of 

the sights, but careful measurements by 

Messrs. J. E. Hyde and G. F. Lamb make its 

total thickness 28,4- feet. 
3. Berea grit. The top of this sandstone forms 5'db 10' 

the floor of the stream and a small rapid just 

below the base of the black shale. The upper 

part contains plenty of iron pyrites and ripple 

marks occur in the upper layers. The rock 

which is fairly coarse grained, gray in color, 

but greatly iron-steined on the weathered sur- 
face, forms a ledge on the eastern bank of the 

creek, just below a fence. On the bank 4 

feet is shown, to which perhaps a foot or more 

ought to be added in order to reach the top of 

the sandstone in the bed of the stream. From 
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the base of the sandstone as exposed in the 
bed of the stream to its t(^ 4 feet 8 inches 
is shown. 
2. Very soft argillaceous shale, of drab color 3' 5' 

which probably is at the top of the Bedford 
shale. 

1. Covered to stream level. 2' 2' 

Several important sti'atigraphic facts are brought out by a 
study of the Lithopolis glen and others to the southwest of that 
town w-hich will now be discussed. In the first place it will 
be noted that there is a remarkable thinning in the Berea sand- 
stone when this section is compared with the one on Rocky fork, 
where it has a thickness of 37 feet,* as shown in a vertical sec- 

*Iii my former descriptions of Rocky fork there has been some uncer- 
tainty remrding the base of the Berea Krlt and its thickness (See Journal of 
Oeology, Vol IX, 1901, pp. 217, 218 and Voi. X, 1902. pp. 276-278, 328.) In 
the latter paper a concretlorary layer of sandstone — No. 2 of the section on 
page 278 — was described, which showed a lithologic change from the clay 
shales of the Bedford, re^ardin^ the stratlgraphio position of which there 
was uncertainty as to whether it should be included in the Bedford forma- 
tion or regarded as forming the base of the Berea. In going up the stream 
this concretionary layer is clearly shown in the next cliff, on the same side 
of the stream as the one mentioned above, and then may be found at the 
base of the lower end of the cliff on the opposite bank and somewhat farther 
up t*ie stream. Formerly the lower part of this cliff was covered with debris 
but the floods of the winter and spring of 1904 have swept It clean so that 
the bed rocks are shown to water level. The stratigraphy of this portion 
of the three cliffs Is In harmony ; the concretionary layer was carefully lev- 
eled from the middle to the upper cliff and found to occur at the same ele- 
vation : while the concretionary layer at the middle of the upper and lower 
cliff Is so nearly at the same level that no difference could be noted in the 
barometric readings. It might be considered better by some to regard the 
base of the Berea as beginning with the sandstone No. 5 of the section on p. 
278 : but the tulckness of the shale zone. Nos. 3 and 4 decreases as It Is fol- 
lowed up the stream, apparently by the lithologic change of the upper arena- 
ceous shales into thin sandstones, and hence It Is believed preferable to con- 
sider the concretionary sandstone — No. 2 — as marking the base of the Berea 
formation. The thickness of the shale zone is 10 V> feet In the lower cliff. 
7 feet 4 Inches in the middle one, and 3 foet 4 Inches In the upper. Near 
the lower end of the upper cliff an almost vertical wall gives 37-1- feet as the 
total thickness of the Berea formation. The section of the cliff is as follows : 

No. 

7. Sunburv hlack shale, only base shown. 
6. Top of Berea sandstone. Mainly fairly massive 

sandstone. 
5. Alternating shales and sandstones, the layers 

of the latter 6i Inches In thlckneRs. 
4. Arenaceous shales ' with thin sandstone layers, 

lowest one with ripple marks. 

8. Shale zone with quite arenaceous shales at the 
top. 

2. Handstone stratum at base of Berea formation 
which Is concretionary In places. 

1. Top of Bedford shale, which Is bluish-gray and 
quite arenaceous at the top, 3-i- to the bed 
of the stream. 

This clljr Is shown In Fig. 3 where the lower student stands on top of 
No. 2, while the upper students indicate the top of the Berea sandstone. 

The section published on page 27B of the former paper was measured 
near the upper end of this cliff, when the concretionary stratum was cov- 
ered, and the shale at the bottom — No. 1 — is the continuation of No. 8 of 
the section at the lower end of the cliff and therefore belongs in the Berea 
formation Instead of the Bedford. 

A later measurement near the upper end of this bank pive the following 
section : 
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tion of the bank of the stream, about two miles northeast of 
Gahanna and fifteen miles north of its exposure in the Lithop- 
olis glen. 

Second, in this and other glens to the southwest of Lithop- 
olis the entire thickness of the Sunbury shale is shown, while 
the previously best known section in central Ohio, the one on 
Rocky fork, exposes only the lower eight feet of this shale. 

Third, the close agreement in lithologic composition and ar- 
rangement of the strata in the upper part of the Buena Vista 
members and the succeeding beds as shown at Lithopolis and 
in southern Ohio.* 

— — " ■ . _ . . _ _ I - — — 

Total 
No. Thickness, thickness. 

4. Sunbury shale at top of cUfT. where estimates of 3^' 40' 

thickness vary from 2% to 3V4 feet. 
3. Berea 'aandstonea, the lower ones alternating 32' 36% 

with shales. 
2. Arenaceous and argillaceous shale. 4' 4^' 

1. Pundstone layer. %^^ W 

C. S. Pbosseb. 

* Buena Vista as the name of a g(M)logical division was first used by Dr. 
Orton in his report of Pike county and published in 1874. In this description 
he wrote as follows regarding what is now called the Cuyahoga formation : 

"The next division in ascending order has for Its chief characteristic the 
well-known and very valuable quarries of the Waverly svatem that He along 
the Ohio river below Portsmouth. This subdivision has a definite base, 
vis., the upper surface of the Waverly black slate [Sunbury shale] but there 
is no characteristic stratum that constitutes a convenient superior limit. 
As the most valuable of th« building rock, however, that is furnished by this 
part of the series in southern Ohio occurs within fifty feet of the slate, these 
fifty feet next above the slate may be somewhat arbltrarilv taken as a sub- 
aivtslon. It may be designated as the Buera Vista section — the name being 
derived from a locality on the <'hlo river that furnishes a large amount of 
stone of unequaled qnallty*' (Rept. Oeol. 8urv. Ohio, Vol. II. pt. I, p. 626). 
It is now proposed to revive this name, define the upper limit and use It for 
the lower member of the Cuyahoga formation. 

Dr. Orton's usage of the term Buena Vista was not uniform, for In the 
general sections of the rocks of Ross and Pike counties In the same report 
the name was restricted to 10 feet of sandstone between which and the top 
of the Waverly black slate [Sun burr shale] was a shale zone bo feet in 
thickness (Fig. 1, op. p. 615 and Fig. 2. op. p. 618). In the Ohio valley 
very near the base of the Cuyahoga formation Is an excellent sandstone 
which has been quarried for many years in the vicinity of Buena Vista. 
This stratum was noted by professor John Locke In his geological account of 
Adams county and termed the "City ledge" on account of the great extent of 
its use in Cincinnati (Second Ann. Rept. Oeol. Surv. Ohio. 1839, p. 264). In 
1884 Dr. Orton apparently restricted the name Buena Vista to this stratum 
for he wrote "drains and nuggets of nvrites apnear In the shales associated 
with this sandstone, but are not very perfectly visible to the naked eye in 
the citv ledge (the name now applied to the stratum oroper of Buena Vista 
stone)" (Rept. Gftol. Surv. Ohio, Vol. V. p. 602). The same statement by 
Dr. Orton also appears in the Tcwfft Census U. S., Vol. X, 1884, "The building 
stones of the Tmited States and statistics of the quarry industry," p. 198. 
In 1888, however. Dr. Orton apparently returned to the opinion expressed 
in the text of his report on I *Ke county for under the description of the 
Cuyanoga shale he wrote as follows: "By good rights the shale should suffer 
one more reduction at Its lower extremity. Everywhere through the state 
there Is found directly above the Berea shale, or at a short remove from it, 
a number of courses of fine grained stone. • • • • • 

It would have been well if the tWrty or forty feet containing these 
courses had been cut off from the Cuyahoga shale. In which case the division 
thus formed would have been well named the Buena Vista stone, but inas- 
much as the series does not absolutely require the change. It is left unmodi- 
fied" {Rept. Oeol. Surv. Ohio, Vol. VI. pt>. 37. 38; and the same statement 
was republished by Dr. Orton In 1895 in Vol. VII. on p. 31). Apparently In 
these last two accounts of the Geological Scale of Ohio Dr. Orton had forgot- 
ten that In 1874 in the Pike county report he had proposed that the fifty 
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Fayler run, a tributary of Big run, on the S. M. Oyler 
farm, about one-half mile west of Lithopolis, shows part of the 
Bedford and Sunbury shales and the Berea sandstone. The 
farm is on the road leading southwest from Lithopolis to the 
county line road and the exposures are to the northwest of the 
road and house. The section is a short one : but the run cuts 
through the entire thickness of the Berea sandstone as is shown 
below: 

feet of sandstone and shale succeeding the Warerly black slate [Snnbary 
shale] should be "deslsnated as the Buena Vista section.'* At the time 
of the preparation of m^r paper on the Sunbury shale oi Ohio I had overlooked 
the Buena Vista section so proposed by Dr. Orton In the text of the Pike 
county report and at that time I thought he had definitely aoplied the name 
Buena Vista sandstone onlp to the "City ledse" or what was considered its 
equivalent and hence I used the name In that sense (See Jour. GeoL, Vol. X., 
1902, pp. 288-2Vf^). Prof. C. L. Herrlck in 1891 in his Portsmouth section 
gave the "Flags of Buena Vista" with a thickness of 25 feet (Bull. Oeol. 
8oc. Amer.. Vol. II, p. 40). 

Since the stratlgraphic term Buena Vista was used by Dr. Orton with at 
least two values, it is necessary to make a selection and its definite applica- 
tion In the Buena Vista section of the Pike county report to the fifty feet 
of shale and sandstone overlying the Waverly black slate (Sunbury shale) 
is the one which has been adonted. This will designate the lower portion of 
the Cuyahoga formation which In at least central and southern Ohio con- 
tains valunble layers of building and constmctlon stone and may very ap- 
propriately be regarded as forming a lithologic division which Is designated 
the Buena Vi&ta member of the Cuyahoga formation. 

In southern Ohio the upper nart of the member contains a variable iSium- 
ber of even bedded sandstones which are extensively quarried and to thlt aone 
apparently proiessor Locke applied the term "beautiful quarry" on account 
of "the perfect parallelism, and. in many Instances the uniformity of the 
thickness of the strata" {Second Annual Rept. GeoL 8urv. Ohio, 1839. p. 
264). In the Ohio valley the top of this zone of even bedded quarry stone 
is apparently a definite and well marked stratlgraphic horizon above which 
are thicker beds of shale with sandstone which is not valuable for quarry- 
ing. This contact is admirably shown in the quarry of Mr. John Wright about 
2% miles up Carey run from the river road after crossing the Scioto valley 
west of Portsmouth, and Is shown in Fig. 4, where Mr. Wilkinson is point- 
ing to the top of the Buena Vista member. 

Succeeding the quarry stone is a zone of blue to olive shale three feet or 
more In thickness, then a zone of shale and sandstone varying from 2-\- to 
3+ feet in thickness, both of which are clearly shown In Pig. 4, above which 
is a consplonous argillaceous shale zone about 5 feet in thickness. The lith- 
ologic similarity of this part of the section was found to remain quite con- 
stant in the various quarries and outcrops studied In the hills for several 
miles below Portsmouth. The top of the Berea sandstone and the Sunbury 
shale are nicely shown In Stony run, several miles below Portsmouth. About 
three-fourths of a mile up the run, a bank and the James Amlln quarry gave 
the thickness from the top of the Sunbury shale to the top of the quarry 
stone as 48H feet. This thickness of 48H feet for the Buena Vista 
member Is in close agreement with Dr. Orton's original statement of 
fifty feet. Professor Andrews gave the thickness of what is regarded 
by the writer to represent the Buena Vista member as 75V6 feet (See 
his "Section of Waverly ro<;ks from the Great Black Slate to the Sub- 
Carboniferous Limestone, as seen on the Ohio river," dn "Maps showing 
the Lower Coal Measures" in Oeol. 8urv. 0?Uo, pt. II Rept. Prog. 8eo. Diai. 
[In 1809], 1870.) : but In this part of the section is the statement that a 
sandstone and shale interval of 29% feet was not measured and It is 
thought the luickness of this interval was over estimated. 

At Lithopolis it Is more dliflcult to accurately measure the thickness of 
the Buena Vista member than at the locality cited below Portsmouth ; but 
at the former locality Nos. 6 to 11 Inclusive of the section are referred to 
the Buena Vista with an approxlmnte thickness of 49^1 feet. A recent 
measurement of this member by Mr. George F. Lamb gave 51 feet 11 inches. 

Succeeding the even bedded quarry ston^ at the top of the Buena Vista at 
Lithopolis is a conspicuous shale zone capped by a sandstone which Is in 
striking agreement with the section below Portsmouth. 

C. S. Pbossbb. 
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No. Thickness. 

3. Sunhury shales thin laminated black shale only 20'9* 

the base of which is shown in the run, but 

higher in the field 20^ feet. 
2. Berea sandstone. Thin, irregular bedded 3'7* 

brownish to rusty colored sandstone, 3 feet 

7 inches on the northern bank and 4 feet 2 

inches on the southern, 
I. Bedford shale. Upper part is bluish-gray I3'6* 

soft argillaceous shale. A little farther down 

the run near the base of the exposure is some 

mottled gray and faintly chocolate colored shale. 

SECTIONS SOUTHWEST OF LITHOPOLIS 

Big run, the largest southern tributary of Little Walnut 
creek, crosses the county line road near where Franklin, Pick- 
away and Fairfieki counties corner. Bedford shale is soon 
reached on this stream when it is followed above the county 
line road crossing, considerable of which is of reddish color. 
Less than half a mile above the road crossing on the land of 
Mrs. L. J. White, the western bank of this run is about 35 feet 
high and comfposed entirely of Bedford shale. The lower nine 
feet is chocolate to mottled iii color, while the remaining part 
is mostly grayish. In the shale about 18 feet above the stream 
level is a large concretion. The shale in the bed and banks of 
the stream from the base of the cliff just described to a point 
above the second branch from, the east is mainly reddish in 
color. 

Hartman Run Section 

The first branch from the east, a few rods above the high 
western bank, is on the land of Mrs. S. E. Hartman and may be 
called Hartman run. It gives the following section : 

Total 
No. Thickness, thickness. 

7. Cuyahoga formation.. Alternating beds of 21 So'S" 

grayish fine grained sandstone and bluish 
argillaceous shales are shown for some dis- 
tance up the run. 

6. Fairly massive, grayish, argillaceous sand^ 5'+ 59'8* 

stone which has been quarried to a slight ex- 
tent. 

5. Drab, very soft argillaceous shale which 4' — 54'8* 

measures on the bank 3 feet 11 inches. Base 
of Cuyahoga formation. 
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4. Sunbury shale. Black, thin, even layered 23' — so'8* 
shale, the base resting on sandstone at top 

of cascade. About two inches above the base 
a thin layer containing Lingula melie Hall and 
Littf^lodiscina Newbcrryi. (Hall) Schuchert. 

3. Berea sandstone. A nrassive ledge of some- 6'+ 27'8' 
what coarse grained grayish sandstone below 

the Hartman bam, which is shown in Fig. 5. 
A little above, it makes a small cascade in the 
run where 6 feet 3 inches is shown, in which 
two layers show ripple marks. 

2. Drab, soft very argillaceous shale just be- i6'8'' 2i'8"' 
low the sandstone, which is probably the top 

of the Bedford shale. Most of this interval 
covered. 

1. Chocolate and mottled shale to the level of 5'i 5' 
Big run. 

Smith Run Section 

About one-eighth of a mile to the southeast of the Hartman 
run is a similar and parallel one on the farm of Mr. Smith, 
which may be called the Smith run. On the bank of this 
stream is shown the entire thickness of the Berea sandstone 
and also above, that of the Sunbury shale in a shorter distance 
than in the Hartman run so that the conditions are more fa- 
vorable for measurement. The section is as 'follows: 

Total 
No. Thickness, thickness. 

6. Cuyahoga formation. Sandstones alternating 22' 81' 

with shales, some of the sandstone layers -a 

foot or more in thickness. 

5. Two layers of sandstone in similar strati- 44" 59' 
graphic position to that of the "City ledge." 

4. Bluish-gray argillaceous shale which varies 5'6"' 54'8*' 
in thickness from sVi to 6 feet. Two feet 

four inches below the top of the shale is a 3^ 
inch layer of sandstone. 

3. Sunbury shale. Thin, even layered black shale 2o'8* 49'2*' 
which is well shown in the narrow portion of 

the glen. About 3y2 inches above its base 
Lingula melie Hall, Lingulodiscina Newberryi 
(Hall) Schuchert and fish scales occur. An- 
other measurement gave 20 feet 10 inches for 
the entire thickness. 

2. Berea sandstone. A prominent ledge of sand- 6'6'' 28'6* 
stone on both sides of the run of variable 

thickness ranging from 35^2 to 7 feet on the 
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northwest bank, and perhaps 6^ feet is near 
the thickness of the main part. The base of 
the sandsitone on this bank is not a uniform 
line and the underlying shale to the level of 
the run varies in thickness from 6 to 9 feet. 
This character is shown in Fig. 6. The weath- 
ered ledge is much stained, rusty to brown- 
ish in color and the upper part contains much 
marcasite as is generally the case in the various 
sections reported. 
I. Be<Pford shale. Bluish-gray to gray in color, 22' 22' 

on the bank beneath the Berea sandstone ; but 
down the run are mottled and reddish shales 
before reaching Big run. 

On the western bank of Big run above the mouth of 
Smith run and the house of Mrs. Nancy Cole is a ledge of the 
Berea sandstone, ahhough it is not so well shown as in the 
two glerts just described. Drift and boulder clay fill the val- 
ley of Big run above the ledge of Berea sandstone, so that the 
Sunburv shale is not shown. 

Along the stream about one mile southwest of Big run and 
parallel with it, exposures of Ohio shale commence where the 
stream and highway cross the Franklin-Pickaway county line 
one and one-half miles west of the Fairfield cotinty line. 
The shales are uniformly black, even, highly fissile and weath- 
er brownish. They are exposed almost continuously for 
one-half mile up the stream, although at no place rising more 
than about ten feet in the stream-banks, with a thickness of 
forty feet, according to barometric readings. One-half mile 
. up the stream the Bedford shale appears, almost in contact with 
the Ohio shale, and where it first appears there is an exposure 
of fifteen feet, the lower part of which is bluishi, the middle 
portion mottled and the upper five feet dull red in color. The 
texture of the shale is typical, being gritless, much jointed and 
passing rapidly into small flakes or into a stiff clay. About two 
feet of Berea sandstone is shown near the head of the south 
fork of this run. 

Along the east and west road one mile south of the Frank- 
lin-Pickaway county line, at a point just one mile west of the 
Fairfield county line is another exposure of the Berea which at 
this locality is a brownish, coarse grained sandstone, two 
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and one-half feet of which is shown but neither the top nor 
bottom. 

The large stream which heads on the Fairfield^Pickaway 
line about one and three- fourths miles south of the Franklin- 
Pickaway- Fairfield corner and flows nearly west through a nar- 
row ravine affords exposures of nearly all the Bedford forma- 
tion. The shale usually rises only a few feet in the banks of 
the stream' of which it often forms a clean cut bed : in places, 
however, it forms banks fifteen or twenty feet in height. The 
shale is invariably red, sometimes mottled with grayish-blue 
and may contain concretions of considerable size. The soil in 
places at some distance from the strewn is reddish in color and 
contains fragments of the red shale. In this locality, therefore, 
the drift cover over the divides is apparently not deep. The 
upper part of the Bedford in this area is usually red and not 
mottled or grayish as to the east and northeast of Columbus. 
The stream to the north of the one just described affords very 
good exposures of Bedford shale of similar lithologic appear- 
ance. 

Section Northzvest of Marcy 

One-half mile north of Marcy post-office is the source of 
a stream flowing west and northwest, receiving as eastern 
tributaries the small streams just mentioned, and emptying into 
Little Walnut creek two and one-half miles north of St. Paul, 
Pickaway county. The upper course of this stream is through 
a narrow glen cut in the Cuyahoga, Sunbury and Berea forma- 
tions on the farm of J. M. Hensel. The following section is 
shown on this stream : 

Total 
No. Thickness, thickness. 

5. Cuyahoga formation. Blue, fine-grained sand- 25'-+- 66^' 

stones with some intercalated soft gray shale 
which contains very little grit. At the base 
are thin bedded sandstones with shales and 
shaly sandstones, above which are shales con- 
taining concretions. 

4. Gray argillaceous shale which is very soft and 8%' 41^' 

gritless, with the exception of a 6 inch com- 
pact gray sandstone the base of which is 3 
feet 2 inches above the base of the shale. This 
zone is well shown on the northern bank of 
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the creek a few rods below where the top of 

the gray shale is seen in the stream's bed. 
3. Sunbury shale. Thin, black, laminated shale. 26' 33' 

The contact of the gray shale at the base of 

the Cuyahoga is beautifully shown in the bed 

of the stream with an inch layer of mottled, 

black shale, the mottling due to cylindrical 

ramose, infilling 6f gray material similar in ap- 
pearance to the gray shale above. The line 

of contact between the gray and black shale is • 

perfectly distinct and sharp. The base of the 
black shale is in contact with the subjacent 

sandstone, the lowest layer of which is arena- 
ceous, strongly pyritiferous and contains Lin^ 

gula melie Hall, which is common, Lingula 

sp. and plants. On the southern bank 

ci the stream a little above the Berea 

ledge is a bank of Sunbury shale 22 feet high 

by tape measure, and the highest exposure of 

shale by hand level is 26 feet above the top of 

the Berea. The second exposure up the stream 

above the one just described, which is on the 

northern bank, shows 12 feet of Sunbury shale 

capped by 9 feet of shale and the latter by a 

sandstone. The base of this exposure by hand 

level is from 12 to 14 feet above the top of the 

Berea sandstone. A recent measurement of 

this shale by Mr. George F. Lamb gave 24 

feet 8 inches, 
2. Berea sandstone. Coarse, gritty, bluish sand- 6'± / 

stone in a single stratum which varies in 

thickness from i to 6 feet. In the stream 

where the contact with the Sunbury shale 

occurs it is only a foot or a little more in 

thickness ; but on the bank 50 feet below it in- 
creases to 6 feet and then thins when followed 

a few yards down the stream to 2 or 3 feet. 

The upper part of the sandstone contains 

plenty of marcasite and its top surface is even, 

so that the irregularity is in the lower sur- 
face. Other exposures in the vicinity show as 

great a thickness as 10 feet. 
I. Gray fine grained shale, iron-stained, contain- i-f-' i' 

. ing occasionally lenticles of sandstone; but in 

general a soft argillaceous shale which in 

places is nearly a clay. At this locality it 

varies in thickness, according to thickness of 

the Berea sandstone, from less than a foot to 5 

f'-et. 
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Farther down the stream are outcrops of the reddish Bed- 
ford shale below which are excellent ones of the Ohio shale, 
which ip places forms banks from 30 to 40 feet in height. This 
shale may be followed for a mile along the creek to the four 
corners where are good exposures both east and west of the 
road bridge, fifteen feet or more in height, very clean cut and 
characteristic. 

The stream to the north of the one just described gives per- 
haps the best exposures of the Bedford shale for this region ; 
below which is the Ohio shale. 

WATERLOO AXD JEFFERSON 

On the southern bank of Little Walnut creek, just east of 
the covered bridge three-fourths of a mile southeast of Wat- 
erloo on the George Loucks' farm is an exposure of tu-enty 
feet of red Bedford shale. *This outcrop extends to water 
level and is capped by the Berea grit, which forms a small ledge 
on the bank of the creek at this locality. This exposure shows 
that in this region the red color of the Bedford shale extends 
nearly to the base of the Berea grit. This bank of red shale 
is about one mUe south of the Hocking Valley railroad. 

Chestnut ridge, two miles east of Lithopolis, forms a con- 
spicuous feature of the landscape in a region of such uniformly 
low relief as that of central Ohio. The ridge is composed of a 
coarse grained, yellow, massive sandstone which is the base of 
the formation so conspicuously shown in the Hocking valley 
twelve miles to the southeast, near Lancaster. This ridge is, 
therefore, geologically and topc^japhically the outlier of the 
picturesquely eroded cliffs and slopes which give to the Hock- 
ing valley its beautiful scenery. 

Jefferson Section 

At the northern end of Chestnut Ridge is the small village 
of Jefferson to the south of which on the hill is the quarry of 
^Ir. J. E. Cross. The following section was obtained com- 
mencing at the rear of the school-house yard and extending up 
the hill to the top of the quarry : 

Total 
No. Thickness, thickness. 

10. Soil. 5' 156' 

9. Rather thin bedded brownish to yellowish 10' 151' 

sandstone. Fairly massive stratum at the base. 
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8. Apparently two layers of ydlowish sand- 
stone similar to the zone below with a shaly 
sandstone to shale a little above the middle. 

7. Massive stratum of yellowish, coarse grained 
sandstone, which is friable. 

6. Iron-stained sandstone, irregular, somewhat 
shaly, and contains pockets of shale. 

5. Light gray to bluish coarse grained sandstone. 

4. Sandstone similar to the zone above. 

3. Covered to base of qu«arry. 

2. Alternating shales and thin sandstones which 
are bluish at the base, becoming more iron- 
stained and coarser toward the top, shown 
along quarry road. Cuyahoga formation. 

I. Covered from school yard. 

In the above section the shales and sandstones of No. 2 be- 
long in the Cuyahoga formation, while the rocks from No. 4 
to the top of the quarry apparently belong in the lower part of 
the Black Hand formation. 

From the base of the Cross quarry to the base of the Berea 
sandstone on the southern bank of Little Walnut creek to the 
southeast of Waterloo the barometer gave a difference in ele- 
vation of 200 feet. The latter locality is one and one- fourth 
miles farther west than the Cross quarry while the dip in this 
region is about 20 feet per mile to the east. As tlie thickness of 
the Berea sandstone and the Sunbury shale at Lithopolis is 
33 feet it indicates that the Cuyahoga formation in this section 
has a thickness of about 200 feet. Estimates made in other lo- 
calities in this general region indicate a thickness ranging front 
200 to 250 feet for the Cuyahoga formation. 

EASTERN FRANKLIN COUNTY 

In the eastern part of Franklin county near Blacklick and 
Reynoldsburg and on Blacklick creek are exposures of the 
lower form.ations of the Waverly series. This region has neither 
been very carefully described nor the formations in all cases 
correctly identified. 

Blacklick Creek and Village 

On the eastern bank of Blacklick creek a little above the 
Broad street pike crossing and one mile below the railroad 
bridge at Blacklick, is a good outcrop of the Sunbury black 
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shale, the upper eight and one-half to ten feet of the formation 
being shown. The complete section is as follows : 

Total 
No. Thickness^ thickness. 

4. Soil to top of bluff. 8' aS^ST 

3. Soft bluish sandstones, weathering gray and 2' TO'ST 

strongly iron-stained, >which are medium thin 

bedded. 
2. Gray very soft, gritless shale with an arena- io'2"' iS'S* 

ceous layer near the middle. The line be- 
tween this shale and No. i is very clear and 

sharp. 
I. Sunbury shale. Very thin, laminated, black 8'6* 8'6* 

smooth shale which weathers to small sharp 

edged flakes. 

Creek level opposite sycamore tree. 

A little farther down the creek about ten feet of the Sun- 
bury shale is shown. The lower exposures are on the farm of 
Frank Milbum and to the north on the farm of J. W. Miller. 
The Sunbury shale is shown for some distance up the stream 
and after a covered interval of about one-half mile its last 
appearance is on the J. K. Black farm, where on the eastern 
bank a few rods below the swing bridge one foot is shown. 
On the same side of the creek a little below is a higher bank in 
which the lower Cuyahoga sandstones occur. The Black farm 
was formerly owned by E. Compfton and this is undoubtedly 
the locality where Dr. Orton stated that the contact of the 
Huron and Waverly formations is shown.* It is to be noted, 
however, that the black shale is the Sunbury instead of the 
Huron (Ohio). 

Perhaps rather more than one-quarter of a mile up the 
creek arc exposures of higher rocks on the Frank Cornell farm 
which was formerly that of S. R. Armstrong. About east of 
the Presbyterian church in the southern part of Blacklick vil- 
lage on the western side of the creek is a partly covered sand- 
stone bank, below which is shown the upper half of the soft 
shale zone at the base of the Cuyah<^a formation. At low 
water the lower part of the shale zone is shown a little farther 
down the stream and the following section may be obtained : 

* Geoi, Snrv. Ohio, vol. IH. 1878, p. 639. 
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Total 
-No. , , , • ■ Thickness, thicknesi. 

II. Soil to top of bank 5 to 10 feet. 

10. Mainly thick to thin bedded sandstone, buff 30' 55' 

to gray and iron-stained on weathered surface. 

but blue to gray on fresh fracture. 
9. Mostly covered, occasional outcrops of sand- i9'6'' 25'+ 

stone commencing about 12 feet above the base 

of this zone. 
8. Layer of hard, bluish-gray sandstone, coars- o'6* s'?" 

er grains than in the thin layers below; 6 

inches shown in the bank and covered above, 

so that the layer is probably thicker. 
7. Blue argillaceous shale. o'j" ^'i" 

6. Hard layer of fine grained sandstone of o'lj^'' 4'io*' 

rusty color as weathered. 
5. Soft argillaceous bluish shale, which has 2'$" 4'8^' 

very little grit. 
4 Thin sandstone, similar to lower one, from o'2j/2'' 2'3}4* 

2H to 3 inches in thickness which weathers 

rusty on its edge. 
3. Bluish argillaceous shale. o'kvI:'' 2'i' 

2. Fine grained argillaceous sandstone, bluish- o'3* i'3*' 

gray in color and perhaps slightly calcareous. 
I. Very argillaceous shale, bluish as low as ex- i'+, i' 

posed in creek. 

The barometer gave an interval of five feet from the base 
of this section to the top of the Sunbury shale on the Black 
farm. The shales and thin sandstones from No. i to 7 inclu- 
sive with a thickness of five feet one inch are regarded as 
representing the upper half of the soft shale zone at the base 
of the Cuyahoga formation which, with the five foot interval 
to the Sunbury shale, has a thickness of ten feet one inch at 
this locality. It will be noted that this thickness is in close 
agreement with that of the same zone described in the section 
three-fourths of a mile farther down the creek in the bank 
above the Broad street pike, wbere it is ten feet two inches. 
Again the fall in the creek from the shale bank below the 
Presbyterian church to the Sunbury shale bank above the 
Broad street pike is about fourteen feet so that the bed of the 
stream at the former locality would be about five and one-half 
feet above the top of the Sunbury shale. 

A few rods farther up the creek than the section just de- 
scribed is a conspicuous steep, rocky bank on its eastern side. 
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in which^ the Blacklick Stone Company has opened during the 

last two years a somewhat extensive quarry. This quarry is 

but a few rods below the railroad bridge and furnished the 

following detailel section : 

Total 
No. Thickness, thickness. 

14. Mainly covered, but occasional layers of sand- 15' 61' 

stone shown in run to the northeast of the 

quarry for 15 feet above its top. No indi- 
cation of black shale in run. 
13. Three layers of buff sandstone alternating with 2'2' 46'+ 

shale and extending to the top of the quarry 

bank. 
12. Yellowish-gray shale, 3 to 4 inches in thick- . oV 43' n' 

ne&s. 
II. Probably top of the Buena Vista member. iV 43'Sr 

Buff, friable sandstone similar to lower thick 

stratum. 
10. Shale parting. o'l^-h 42'6*' 

9. Buff sandstone appearing as a massive stratum 5' 42'5' 

which splits into thin layers on the weath- 
ered surface; somewhat friable. 
8. Partly bluish shale and in part buff, rather 

thin bedded sandstone. 
7. Grayish, compact massive sandstone. 
6. Blue shale. 
5. Gray massive sandstone. 
4. Mainly bluish shale with some rusty, thin 

sandstone. 
3. Buff, compact sandstone. 
2. Layers of bluish-gray to gray sandstone, 16 

inches and thinner, alternating with bluish 

shales. Some of the sandstones are consid- 
erably iron-stained or rusty in color. Present 

floor of quarry. 
I. Partly covered. Buff sandstone at the base in 8'.+. 8' 

bed of stream which is apparently the one just 

above the shale zone hear the base of the 

Cuyahoga formation, or No. 8 of the section 

farther down the creek. At this point 

below the sandstone is about 3 inches of 

bluish shale below which is a thin some- 
what concretionary sandstone similar to No. 

6 of the lower section. 

Creek bed. 

If to the above section of sixty-one feet the ten foot zone of 
shale with thin layers of sandstone, at the base of the Cuyahoga 
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formation be added, it will give seventy-one feet of the lower 

part of that formation. There is not such a sharp lithologic break 

in this quarry as in the Lithopolis one ; but perhaps as marked 

a lithologic change as any is to be found at the topof No. 11, 

or the first sandstone layer overlying the thick sandstone near 

the top of the quarry. The top of No. 11, therefore, has been 

provisionally selected as the top of the Buena Vista member, 

which will give it a thickness in this section of fifty-three feet 

eight inches, which is four feet four inches more than in the 

one at Lithopolis. 

Just below the railroad bridge is an old quarry in which 

some work has been done during the last two years. The 

section of the eastern bank is as follows: 

Total 

No. Thickness, thickness. 

ID. Mainly thin sandstone alternating with ar- /^fc 41' 

gillaceous shales, none of the sandstones ap- 
parently thick enough for use. 

9. Buff sandstone, probable top of the Buena o'y' 34'+ 
Vista member. 

8. Shale parting. o'i''4: 33'6j4* 

7. Buff sandstone, which in places splits into I'l* 33'5J^'' 
two layers. 

6. Shale to sandy parting. o'3}4' 32'4J^* 

5. Massive layer of buff §andstone which is much 6' 32'!* 

rusted or iron-stained in places and consider- 
ably on the surface. Somewhat friable, but 
these older exposed surfaces are not so friable 
as in the new openings in the lower quarry. 
This stratum is conspicuously shown on both 
sides of the creek below the railroad. The top 
of this sandstone by the hand level apparent- 
ly corresponds with the top of the heavy layer, 
or No. 9, of the lower quarry. Thickness va- 
ries from 6 feet to 6 feet 3 inches. 

4. Rather buff sandstones, the upper ones con- 4'ii"' ab i*" 
taining numerous specimens of Spirophyton, 
alternating with bluish shales. 

3. Bluish shales. i' 22*2'' 

2. Thick layer of sandstone, considerably iron- 2'2* 2i'2'' 

stained in many places. This layer is No. 7 of 
the low^r quarry. 

I. Bluish to bluish-gray sandstones alternating 19' 19'' 

with shales, one layer i foot 11 inches in thick- 
ness, but most of the sandstone layers are 10 
inches or less in thickness. 
Creek level. 
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The massive layer (No. 5 of the above section) is seen 
near the top in all the sections in the vicinity of Blacklkk vary- 
ing in thickness from 4 to 6 feet. The fall in the creek from 
the railroad bridge to the shale bank, below the Presbyterian 
church is about nine feet which, therefore, makes the top of the 
section at the railroad bridge about fifty-seven feet above the 
base of the Cuyahoga formation. The top of the Buena Vista 
member in this section was drawn provisionally at the top of 
No. 9, which would make its thickness in this section about 
fifty feet. The highway to the east affords occasional outcrops 
of sandstones similar to those seen in the banks of the creek at 
Blacklick. 

Two miles to the southwest of the Blacklick railroad bridge 
the railroad cut at Taylors exposes rather thin bedded sand- 
stones. These sandstones are buff in color, with rather fri- 
able texture like that of the Berea sandstone, they show plenty 
of ripple marks and some of the layers are contorted or con- 
cretionary in structure. About one-fourtb of a mile to the 
west, small gullies show the presence of the red Bedford shale, 
some of the soil is reddish and two brick plants use this shale 
which is obtained from quarries located some distance north 
of the railroad on the Andrew Morrison £anru The strati- 
graphy and lithological characters apparently show conclusively 
that the sandstones in the railroad cut at Taylors belong in the 
Berea formation. 

The toix>graphic map gives the elevation of the railroad 
cut at Taylors as nearly nine hundred feet and the nine hun- 
dred foot contour line extends up Blacklick creek to the rail- 
road bridge, so that the bed of the creek at Blacklick and the 
railroad cut at Taylors have about the same elevation. Hence, 
the easterly dip of twenty feet or more per mile must carry the 
sandstones shown in the railroad cut at Taylors below the bed 
of Blacklick creek at the village of Blacklick. 

Dr. Orton in the "Report on the Geology of Franklin coun- 
ty" mentioned ten feet of bedded sandstones in the railroad 
cut at Taylors which he called "the sandstones of the lower 
Waverly,"* evidently referring them to that division of the 
Waverly group which he called t he "Wavery quarry system." t 

• Rcpt. Geo!. Sarv. Ohio. ▼ol. i». 1878. p. 63S. 

t For the clantification of the Pranklin coutitj WaTcrlj. aee p. 639 of the 
report cited aboTe. 
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The writer has already shown that this division is the same 
as the Berea sandstone,* hence the correlations of the sand- 
stones shown in Taylors railroad cut are in harmony. The 
identification, however, of the rocks shown in the "section of 
Waverly sandstone at Armstrong's quarries, Blacklick sta- 
tion," t is erroneous. The writer has shown that the Waverly 
shales of the Franklin county report are the upper portion of the 
Bedford shales.! 

The ten feet of Waverly shale, however, given at the base 
of Dr. Orton's Blacklick section is not the top of the Bedford 
shale but the zone of soft shale at the bottom of the Cuyahoga 
formation which has been described in this paper at the expo- 
sures on Blacklick creek above the Broad street pike crossing 
and below the Presbyterian church in Blacklick. The overlying 
torty-eight feet, ten inches of sandstones and shales in this sec- 
tion referred to the Waverly quarry system (=Berea sand- 
stone) instead of being the Berea belongs in the lower part 
of the Cuyahoga formation. Apparently this quarr\' is referred 
to the Berea grit in the Tenth Census "Report on the building 
stones of the United States, and statistics of the quarry in- 
dustry for 1880," compiled from notes of Dr. Orton.§ 

Reynoldsburg and Vicinity 

On the bank of a small run a short distance east of Rey- 
noldsburg, about opposite a street turning south, on the Sam 
Chamberlain farm is an outcrop showing the top of the Sunbury 
shale and the lower part of the Cuyahoga formation. The sec- 
tion is as follows: 

Total 
No. Thickness, thickness. 

4. Thin bedded, grayish sandstone with perhaps 4'+ 17^' 

a shale zone in this interval; partly covered. 

3. Greenish-gray sandstone containing numerous iK'+ U^' 

specimens of Spirophyton, which on weathered 
surface tends to split into thin layers but 
probably under cover it is massive. A loose 
block on the bank is I foot 9 inches in thick- 
ness, its top covered with fucoid (?) mark- 

•Jour. Geo!,, vol. ix, 1901. p. 218. 

t Rept. G^ol. Surr. Ohio, vol. iii. p. 641, which are described on pp. 689 and 
640. 

tjovr. GeoL, vol. ix, 1901, p. 217. 

§ Vol. X. 1884, p. 198. Also republished in Sept, OtoU Sorv. Ohio, vol. v, 
1884, p. 696. 
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iiigs; the basal sandstone of the Cuyahoga 

formation. 
2. Upper part of shale zone gritty, below which it io':i: 12' 

is argillaceous and 4 feet below the top is a 

somewhat gritty and coarser band. The lower 

6 feet drab, soft argillaceous shale which is 

apparently without grit 
I. Sunbury shale. Black fissile shale to bottom 2'jc 2' 

of the run. 

A few rods to the west is another run on the same farm,, 
which flows southerly, on which a few yards above its mouth is 
shown eight feet of the upper Sunbury shale ; but none of the 
clay shale at the base of the Cuyahoga formation. A little far- 
ther up the run is another outcrop of the Sunbury shale under 
a clump of trees. 

About one and one-half (?) miles to the northeast of Rey- 
noldsburg is the Wm. A. Forrester quarry, which he has work- 
ed for forty years. The following section was obtained at this 
locality: 

Total 
No. Thickness, thickness. 

15. Rather thin bedded sandstones of light gray 8'-f- 75' 

color, which on weathered surface are brown- 
ish gray or iron-stained, that alternate with 

thin layers of shale. Thickness 8 to 10 feet. 
14. Sandstone zone which is more or less solid. 
13. Olive shale. 
12. Sandstones which weather to a brownish-gray 

or iron-stained color, alternating with shales. 
II. "Block layer" of quarrymen from i foot 3 

inches to i foot 6 inches in thickness, which 

stains badly on weathering and is not used. 

Shale parting. 
10. Bluish-gray sandstone. 
9. Blue shale. 

8. Bluish-gray sandstone. This and the sand- 
stones above discolor badly on weathering. 
7. Blue arenaceous shale. 
6. Probable top of Buena Vista member. Three 

courses of bluish-gray sandstone, each one 8 

inches in thickness, which are fairly soft, and 

are sawed into flagging. These setndstones do 

not discolor on weathering. 
5. Arenaceous shale to thin sandstone. o'lo* ^'g' 

4. Bluish-gray sandstone, which contains vertical I'p'^. 48*1 1' 

tubes like worm borings. 
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3. Similar bluish-gray sandstone. 2'2*i 47'^*' 

2. Bluish-gray sandstone (freestone of quarry- 3V 45' 

men) which cuts well. This layer and the two 

superjacent ones are sawed into flagging, win- 
dow sills, etc. This layer sometimes splits 

into two, the upper one 2 feet in thickness. 

Mr. Forrester considers this layer identical 

with the massive 3^ foot layer (No. 10) in 

the Lithopolis quarry. 
I. Mainly covered down the stream to the top 4i'8* 4i'8' 

of the Sunbury shale, with the exception of 

the section described on the Chamberlain 

farm. Mr. Forrester stated, however, that in 

one part of the quarry they went down 30 feet 

below the bottom of the quarry and found the 

rocks blue sandstones alternating with "soap- 
stone" (shale), but not A'aluable for quarrying. 

On the northern bank of the quarry, which is the old wall, 
it is twenty-six feet from the top of No. 6 to the top of the ex- 
posed rocks, or two feet and nine inches more than on the east- 
em and newer wall of the quarry. This gives about 78 feet of 
rocks exposed above the top of the Sunbury shale all of which 
belong in the lower part of the Cuyahoga formation. It is to be 
noted that these rocks are the same as those exposed on Black- 
lick creek at Blacklick with more than twice the thickness of 
the entire Berea formation on Rocky fork, five miles north- 
west of this section. The change in lithology from' the rocks 
referred to the Buena Vista member to the overlying ones is 
not so conspicuous as at Lithopolis ; but the line has been pro- 
visionally drawn at the top of the three courses of eight inch 
sandstones or No. 6. The sandstones of No. 6 and lower ones 
are bluish-gray from which there is a considerable change to the 
overlying grayish sandstones which weather to a rusty color. 
The rocks, however, overlying the Buena Vista member contain 
a much larger proportion of sandstone than is found in the 
similar part of the section at Lithopolis. This section gives 
the Buena Vista member a thickness of fifty-one and three- 
fourths feet which agrees quite closely with the fifty-three and 
two-thirds feet of the Blacklick section and the forty-nine and 
one-third feet of the Lithopolis section. 

A well was drilled near this quarry, which, according to 
Mr. Forrester's record, began near the top of No. 6 and at a 
depth of forty feet reached what he called soft mud. This mud 
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was probably the shale zone at the base of the Cuyahoga for- 
mation in- which case the well record of forty feet from the top 
of the Buena Vista member to the shale agrees closely with the 
forty-one and three- fourths feet of the above section. Below 
the soft shale the well passed through black shale and then en- 
tered sandstone to the distance of two feet. The distance from 
the top of the soft shale to the top of the sandstone, according 
to Mr. Forrester, is 20 feet and the sandstone below the black 
shale is apparently the Berea grit. 

SECTIOi^ SOUTHEAST OF NEWARK 

Investigations made during the last two years have changed 

A • • • 

considerably my ideas regarding the lower limit of the Black 
Hand formation, as exposed to the southeast of Newark, and 
the results will now be briefly stated. 

The following section is compiled from outcrops in Havens' 
quany, down Quarry run to Licking river, the first run to the 
east and the cliflf farther east near the house of Mrs. Mary M. 
Stasel which is one and one-fourth miles east of the G>urt 
House in Newark : 

Total 
No. Thickness, thickness^ 

la Alternating shales and sandstones to the tcp 14' 1755^' 

of the east wall of Havens* quarry. 
9. Fairly massive buff sandstones. 16' 161 54' 

8. Bluish shales; base of Logan formation. 5' 14554' 

7. Top of Black Hand formation. Grit stratum i' 14054' 

viarying in thickness from 10 to 13 inches. Con- 

glomerate II of Herrick. 
6. AUorisma shales. 7V Jsg'C 

5. Massive buff freestone, lower part thin bedded 28'6* I32'2* 

to shaly layers. 
4. Rather coarse quartz pebble conglomerate 3'8'' I03'8* 

which varies in thickness. Conglomerate I of 

Herrick. In the run below Havens' quarry 

3 feet 8 inches is clearly shown, although the 

thickness is somewhat greater (4 feet 11 

inches in a former measurement when it was . 

exposed to better advantage). On the Stasel 

cliff buff sandstones alternate with layers of 

grit and conglomerate with a thickness of 

about 7 feet 11 inches of which the following 

is a detailed section : 
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Feet. Inches. 

Conglomerate 2 i 

Grit 9 

Sandstone 9 

Conglomerate 9 

Shaly sandstone 9 

Grit 7 

Sandstone 8 

Conglomerate i ^5 

Total 7 " 

3. This interval down Quarry run is mainly 60' 100' 

covered, except at the base where 11 feet of 
massive buff sand$tone is shown. In the first 
run east, however, 21 feet of buff rather coarse 
grained sandstone is shown at Its base and on 
the Stasel cliff about 35 feet of similar sand- 
stone directly underlies Conglomerate I. Sev- 
eral barometric readings give the difference in 
elevation from the base of the coarse grained 
sandstone on Quarry run to the base of Con- 
glomerate I on the same stream as from 55 
to 6s feet, so that the rocks for the greater 
part of this interval are shown. 

2. Top of Cuyahoga formation. Mainly bluish- 30-}:' 40' 

gray arenaceous and argillaceous shales with 
some alternating layers of sandstone which are 
occasionally a foot or more in thickness. On 
west bank of Quarry run there is a buff sand- 
stone stratum i foot 7 inches in thickness. Fos- 
sils occur in this part of the formation. The 
lowest shales are exposed in the bed of the run 
just above Summit street bridge. 

I. Covered interval to level of Licking river. lo'-f 10' 

In the above section the Black Hand formation has a thick- 
ness of iQoYi feet. When my former paper was written the 
Stasel cliff and coarse sandstones in the two runs to the west 
hjid not been seen by the writer and it was supposed that 
shales occurred directly below Conglomerate I as had been de- 
scribed by professor Herrick for the Newark region.* Hence 
the base of this conglomerate was regarded as the base of the 
Black Hand formation, t The present section shows that to the 
east of Newark,, coarse grained buff sandstones extend for 

* Bull. Dcaison Umr.. vol. Hi, 1888, p. 26. and Ibid.^ vol. It, 1888, pp. IOC 
106. 106._. 

t/our. GeoL, vol. ix. 1901, p. 224. . 
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about sixty feet below the base of Conglomerate I, at which 
horizon is the most miiarked lithologic change in the rocks, 
and the base of these sandstones has been selected as the line 
of division between the Black Hand and Cuyahoga formations. 

In the quarries southeast of Newark the most marked litho- 
logic change in the upper part of the formation' occurs at the 
top of the massive freestone (No. 5). In professor Hicks* or- 
iginal description of the formation he included in it, overlying 
the compact drab sandstone, a "Fucoid layer" seven to twelve 
feet in thickness and a ''coarse sandstone and conglomerate'' 
three to eighteen feet in thickness.* It is thought that the Fu- 
coid layer represents the Allorisma shale of Herrick and the top 
sandstone and conglomerate Herrick's Conglomerate II. For 
the above reason, Conglomerate II has still been considered in 
the sections of the Newark quarries as the top of the Black 
Hand formation. 

The continuation of the section from Havens' quarry is to 
the eastward up "the gorge," which is the stream that joins 
Quarry run some rods to the north of the quarry, along which 
is shown, according to the barometer, about ninety feet of buff 
arenaceous shales to thin bedded sandstones to the base of the 
Sharon conglomerate. The shales predominate in the lower 
thirty feet of the section and apparently about the lower ten 
feet are shown in the upper part of the Havens' quarry wall. 
These rocks and those of the Havens' quarry siKceeding Con- 
glomerate II or No. 7, are referred to the Logan formation 
which has a thickness in this section of about 115 feet. 
^ The thickness of ioo>^ feet for the Black Hand formation 
in the above section agrees closely with that of the formation 
in the vicinity of Clay Lick, seven miles east of the Newark 
section. On the Bell farm one-half mile east of Clay Lick, the 
formation is well exposed on the point just east of the house. 
The barometer gave 85 feet from the B. & O. railroad up to 
the top of the ledge of coarse grained rock (mainly grit) with 
some pebbles which are arranged somewhat in layers and occur 
from the top to the bottom. It is mainly of yellowish color, 
but with some brownish and an occasional reddish layer. In 
the creek at Clay Lick are coarse sandstones apparently be- 
longing in the Black Hand formation which barometrically 

• Amer.Jour, Sei„ 3d •er., vol. xvi, 1878, p. 218. 
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give it a tfiickness of 100+ feet. The thickness is in close 
agreement with professor Herrick's statenient that *'one-half 
mile east of Clay Lick there is a nearly continuous exposure of 
about 100 feet of alternating conglomerate and coarse sand- 
stone of prevailingly red color."* 



THE UNTENABLENES8 OP THE NEBULAR 

THEORY. 

By N. MitTOCKLBS, Minneapolis, Minn. 

IIL 

{Continued trom page 319,) 

THE RELATION OF THE BXCENTRICITY IN THE ORBITS OF 

THE PLANTS TO THEIR SIZE ANJ> THEIR DISTANCE 

FROM THE sun; HOW THE MOONS HAVE 

COME TO THE PLANETS. 

The scientific investigator often discovers that matters to 
which he has before paid but little attention on account of 
their apparently small significance, prove to be df decisive 
importance in arriving at a correct understanding of the law 
or natural phenomenon which he is studying. This we our- 
selves shall experience before we close this chapter; for we 
shall find that the solution of a very comprehensive problem 
concerning the arrival of the moons to the planets depends 
greatly on a correct conception of the excentricity of the plan- 
etary orbits, to which, in general, but little attention has been 
paid. Let us, therefore, preliminarily, proceed to the discus- 
sion of this subject, in order, thereby, to gain a better under- 
standing, than would otherwise be possible, of matters de- 
pending thereon. 

The excentricity of the orbits of the planets stands in re- 
lation to the size of the planets and their distance from the 
Sun. The truth of this statement may not be readily ac- 

• Ball, Sci. Lab, Deaiaon Univ., vol. ii, 1887, p. IS.' 
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cepted, perhaps, since it is contrary, in part at least, to all ac- 
cepted astronomical theories. But he who seeks a solution of 
problems presented by natural phenomena, must not pay too 
much attention to existing theories, nor must he fear the au- 
thorities; for these will, in most cases, oppose the most self- 
evident truths, if they find their own th^ries in danger. His- 
tory teaches us that. We admit, however, that the conserva- 
tives have a perfect right to stand by and defend the old ideas 
until the new ones have been presented and established. But 
the trouble is, that many of these conservatives shut their 
eyes to the truth and will not allow themselves to be con- 
vinced. According to Flammarion the Academy of CortxDna 
unanimously declared the discovery of Jupiter's moon to be an 
optic illusion; and Libri, a philosopher in Pisa, would not con- 
descend to put his eye to the telescope to see Jupiter's moons. 
There is nothing of the kind to 'be feared in the present in- 
stance, however. 

According to the nature of the excentricity, as stated above^ 
it follows, that a anall planet, even close to the Sun. has a 
very excentric orbit, while the orbit of a large planet, quite 
far from the Sun, has a small excentricity. The planets Mer- 
cury and Jupiter may be mentioned as illustrating this point. 
The former has an average distance from the Sun of 36 mil- 
lion miles and its diameter is 3,200 miles ; but it has an orbital 
excentricity of more than 7 million miles and varies, about 15 
million miles in its distance from the Sun. The latter planet^ 
on the other hand, has a distance of 480 million miles and is 
88,000 miles in diameter, while its orbital excentricity is only 
23 million miles. It follows, then, that in Jupiter's orbit Mer- 
cury would have reached an excentricity of about 90 million 
miles or more; and that Jupiter, if he were 300 million miles 
nearer the Sun, would have no excentricity. Venus, the Earth, 
and Mars may serve as further examples to explain this point. 
The first of these, which has a distance from- the Sun of 67 
million miles and is of about the same size as the Earth, has 
an orbital excentricity of not quite 500,000 miles, while the 
Earth's orbit, which is 26 million miles farther from the Sun, 
has an excentricity of one and one-half million miles. The 
little planet Mars, on the other hand, which is 141 million 
miles distant from the Sun and which is only 4,200 miles in. 
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diameter, varies over 26 million miles in its distance from the 
Sun. 

We find that the same rule applies to the more distant 
planets. Saturn, having a distance of 867 million miles from 
the Sun and a diameter of 76,000 miles, varies in its distance 
about 100 million miles. Uranus, with a distance of 1,765 
million miles and a diameter of 32,000 miles, varies 176 mil- 
lion miles in its distance. Finally we come to Neptune, which 
seems to make an exception. His average distance from the 
Sun is figured to be 2,764 million miles and his diameter is 
calculated to be 37,000 miles, while the variation in his dis- 
tance is accepted to be the sam^ as that of Jupiter, that is, 
about 50 million miles. But ti.e astronomical calculations 
may easily be erroneous in this case. I am confident that the 
variation in Neptune's distance amounts to about 200 million 
miles. I shall produce proofs later, which will make the mat- 
ter clear and show my opinion to be correct. In tiie mean- 
while it is important to take notice of the calculations of 
Adams and Leverier concerning th? perturbations of Uranus. 
Both of them ascribe great excentricity to the disturbing planet, 
Neptune, and there is reason to believe that the excentricity, 
which was found as a result of these men's calculations, which 
also led to the discovery of Neptune, is more correct than the 
one accepted by modern astronomers and based on the third 
of the so-called Kepler's laws. We must remember, that the 
reasonable correctness of this law for the inner part of the 
solar system does not guarantee its correctness in an unlimited 
application, for which reason it may not hold good as to the 
most distant planet and cannot be safely applied unless we 
have other things to go by. Bode's law held good for all the 
planets until it was applied to Neptune when it proved to be 
not even approximately correct. But these matters we shall, 
as before said, take up and discuss later on. Let us, how- 
ever, in connection with these remarks direct our attention to 
the fact that to the present time there have been discovered 
about 500 small planets between Mars and Jupiter, which 
have a variation in their distance of from 100 to 200 million 
miles, which shows that the excentricity of the planetary orbits 
everywhere stands in relation to the size of the respective plan- 
ets and their distances from the Sun. We may, therefore, con- 
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elude with reasonable safety, that what in this respect is true of 
all the planets from Mercury to Uranus and which also holds 
good as to hundreds of minor planets, will, no doubt, hold 
good also as to Neptune. 

§15 HOW THE MOONS HAVE COME TO THE PLANETS. 

It appears clearly from what we have already said, that the 
relation with regard to age in which one planet stands to an- 
other, cannot be determined by the planet's distance from the 
Sun, since their origin is independent of that body. As we 
have shown, further, that no heavenly body appears origin- 
ally with a satellite, the moon has, consequently, been develop- 
ed out of a nebula different from that of the Earth, and has 
at some time revolved around the Sun. The moons of the 
other planets have commenced their existence in the same 
manner, that is, as free bodies circling around the same center 
of force. But how, then, has it happened that these little 
bodies have been captured by the larger ones, and lost their 
original orbits? 

In §12 it was pointed out that the excentricity of the plane- 
tary orbits depends on the size of tlie planets and their dis- 
tances from the Sun. 

We have mentioned that Mercury's diameter is about 3,- 
200 miles, its orbital excentricity somewhat more than seven 
million miles, and its distance from the Sun 36 million miles; 
also that its aphelion distance from the Sun is about 15 mil- 
lion miles greater than its perihelion distance. From this it 
follows, that the Moon, which has a diameter of 2,160 miles, 
would, if it had Mercury's average distance from the Sun, 
and in obedience to the law of excentricity, have a greater or- 
bital excentricity than Mercury. We understand, thus, that if 
the Moon had an orbit of about double the distance of Mcr- 
curv's from the Sun, it would have an excentricitv of rather 
more than 12 million miles or thereabout, and- it would reach 
about 25 million miles farther from the Sun at aphelion- than 
at perihelion. But now the question is this: Was the disr 
tance of the Moon somewhere between 70 and 80 million 
miles ? 

Inasmuch as it was not captured by Venus, it must have 
occupied a place so far outside of this planet, that it did not 
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reach her orbit at perihelion, which shows that its distance 
from the Sun must have been more than 70 million miles. 

It is, indeed, possible, that its average distance from the 
Sun reached 100 million miles, and that it had its orbit out- 
side of the Earth ; but the most reasonable assumption is, that 
its average distance from the Sun was about 80 million miles, 
and that it, thus, reached several million miles outside of the 
Earth's orbit at aphelion. 

Now since the Earth's nebula appeared inside of the 
Moon's aphelion-distance and outside of its average distance 
from the Sun, the Moon could not, for any length of time, 
escape crossing the orbit of the Earth to or from aphelion. 
The result would have been exactly the same, if its orbit had 
been just outside of the Earth's since this would have occas- 
ioned the Earth to have caught it at perihelion. 

In this manner, then, the Moon was captured and became 
the satellite of the Earth, which the following illustration will 
serve to make clear. 





Pio. 1. 

The orbits of Venus, the Moon and the 
Bfirth, rrspcctiTely, around the Sun. 



Fio. 2. 
The Moon captured by the Barth. 



We have spoken of the Moon as a planet when the Earth 
appeared as a nebula. It may be argued against this, that we 
lack proofs. If so, it is most fair to remark, that observations 
establish nothing more clearly than that the Moon is older 
than the Earth. Besides, it would not affect the result if eith- 
er the Earth or the Moon is the older, for even if the Earth 
had been a planet when the Moon assumed the shape of a 
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nebula, the orbit&l excentricity oi the latter would have been 
the same and the Earth would have been just as much in its 
way, and it could not in any way have escaped to become the 
Earth's satellite, provided it crossed or reached up to its orbit. 

If the reader has paid careful attention to our arg^menta- 
ticm against the nebular theory, he will the more easily under- 
stand, that this is absolutely the only way in which the Moon 
can have come to the Earth. If we consider Mars and his 
moons, it is equally clear, that wherever these exceedingly 
small planets had their orbits between Mars and the Earth 
and so far outside of the latter that they did not reach its 
orbit at their perihelia, they would, on account of the great 
excentricity of their orbits, cross or reach the orbit of Mars at 
their ap^elia, and thus not escape being captured in the same 
manner that the Moon was captured by the Earth. 

We may, then, safely conclude that what is true about the 
satellite of the Earth and of Mars is true also of the satellites 
of other planets to the uttermost limit of the solar system. If 
a large nebula would arise between Mars and Jupiter, where 
a large number of small planets with great excentricity have 
their orbits, it is clear that it, with its more circular orbit, 
would get a great number of moons. 

It may be urged in opposition at this point, that there are 
no small planets beyond Jupiter; but since such an objection, 
if it were, made, could not be based upon anything else than 
that we have, so far, not discovered any small planets beyond 
Jupiter, it would be of no avail. In reply, it would be suffi- 
cient to call attention to the fact, that before Piazzi discovered 
Ceres on- January first, 1801, there was not a single small 
planet known in that region, where since that time about 500 
have been discovered. In view of this, we understand, that 
before the discovery of Ceres, a statement might have been 
made with as great, or still greater force, that there were no 
small planets beyond Jupiter or Saturn or farther out. Such 
an objection is, therefore, not worthy of serious attention. We 
must, furthermore, be on our guard, both here and elsewhere, 
against limiting the scope of scientific development by barriers 
based only on ignorance and preconceived opinions. 

As the number of discovered minor planets has increased 
from time to time, these have also been discovered farther and 
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farther away from the Sun, until they have now been found 
to exist near to the ort)it of Jupiter. There is, therefore, no 
reasonable ground on which any one can claim, that such plan* 
ets may not exist beyond the most distant one which has been 
discovered. This forces us to admit, that minor planets may 
be found outside as well as inside the ortnt of Jupiter. When 
it is admitted, further, that if a small planet would intersect 
or reach the orbit of Jupiter, the result would be, that the less- 
er planet would be attracted to the larger at a point where 
their oitnts cross each other or somewhere in that vicinity, 
then it is practically admitted, that this ift the manner in which 
this mightly planet may have received its many moons. 

It may be of interest now to find oot how near one of the 
minor planets might approach one of the g:reat ones, Saturn, 
for instance, in order to be captured by it. Astronomers have 
figured out mathematically <that one of Saturn's moons would 
have to recede a distance of 30 million miles before the planet 
would lose it. It foAlows, then, that a small planet coming 
within that distance would be attracted by Saturn. 

It may be, that this distance is rather large, and we shall 
therefore, try to determme it also on a different basis and 
compare die result with that given above. Let us consider, 
for this purpose, the relation in which the velocity and dis- 
tance of Neptune stand to the distance and motion of Mer- 
cury, which will give us the diminution of the Sun's attraction 
in proportion to the increase of the distance. Next we itiay 
apply the same principle to Saturn's moons, and thus deter- 
mine fairly accurately the limits which we wish to know. The 
distance of Neptune is yy times that of Mercury, the velocity 
of the latter is 29 English miles a second and that of the for- 
mer 3.2. This shows that the power of thje Sun's attraction in 
the orbit of Neptune has fallen to one-ninth of what it is in 
Mercury's orbit. In considering the satellites of Saturn, let 
us take, for instance, the fifth one, Rhea. This has a distance 
of 336,000 miles, according to Flamarion, and a sidereal per- 
iod of 4 days, 12 hours and 25 minutes; which gives it a veloc- 
ity of 323.5 EngHsh miles a minute. By multiplying the given 
distance by yy we find the distance from the planet to be 25,- 
872,000 miles. At this distance the power of attraction has, 
thus, fallen to one-ninth of what is in Rhea's orbit. Further, 
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if we divide Rhea's velocity, 323.5 miles a minute, by 9, we 
find that 35.8 miles a minute would be the velocity by which a 
moon would move arotmd Saturn at a distance of about 26 
million miles. Now since this is still nearly the velocit>' of the 
Moon around the Earth, it seems that a moon would revolve 
around Saturn at a considerable greater distance than 26 mil- 
lion miles. It appears, thus, that the mathematical computa- 
tion mentioned above has come very close to the truth. We 
need not go to any extreme, however; it is satisfactory to 
know, that we have assured ourselves of the fact, that Saturn 
can overpower and attract small planets within a radius of at 
least 26 million miles. 

The discovery of Saturn's ninth moon by profesfeor Pick- 
ering in 1899 and the fact that this moon still has a distance of 
8 million miles most strongly indicates that Saturn may have 
received its moons in the manner which we have now de- 
scribed. This appears still clearer when we remember that 
the small planets, which have an average distance from the 
Sun of 600 to 700 million miles, intersect the orbit of Saturn 
at their aphelia, and those which have an average distance of 
1,000 to 1,200 million miles will intersect it at their perihelia; 
besides that, Saturn himself varies his distance about 100 mil- 
lion miles, and sweeps along in his orbit with a gravitative 
sphere so great that it measures about 56 million miles in di- 
ameter within which no small planet can come without being 
captured. 

Having now come to an understanding of this matter, we 
understand also, that the two most distant moons, especially, 
are continually being drawn closer to the planet, and that 
the one farthest away is attracted most rapidly. The last one 
may, for all we know, just have been captured when it was 
discovered. But it is also possible, that it began its revolu- 
tion aroun/l Saturn at a distance of about 20 million miles or 
more. Moreover, it is good reason to believe that small plan- 
ets which yet have their orbits around the Sun, will in the fut- 
ure be discovered as moons of Saturn; and we may also con- 
clude that what is true about Saturn in this respect is true 
about the more distant planets also. 

Finally it may be of some importance to call attention to 
the fact, that the attraction which Saturn exerts on its distant 
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moons is the combined attraction of himself and his inner 
moons. This latter factor is of considerable importance, since 
one of the moons, Titan, is of about the same size as the 
planet Mars. This is true of all large planets with many 
moons and of the Sun as well as the planets. The velocity of 
Uranus, for instance, which is 258 miles a minute, would be 
about 300 miles less a day, if it were not for Jupiter. 

As answer to the question, how near a small planet must 
come to Jupiter *in order to be attracted by him we need 
only call attention to the fact that Jupiter is two-fifths 
stronger than Saturn, and that the power of the Sun's attrac- 
tion is about two-eighths stronger in his orbit than in Sat- 
urn's. From this we find, that Saturn, if placed in Jupiter's 
orbit, would have lost about two-eighths or 7 million miles 
of the radius within which he can now attract smaller 
planets, and that Jupiter himself exercises this influence at 
a distance of about 35 million miles in all directions from 
his center. 

If we next direct oxiy attention to the most distant planets 
and notice that Neptune exerts a disturbing influence on the 
large planet Uranus, which is 1,000 million miles nearer 
the Sun, we find this natural order no less self -demonstrating. 
Since we know that Neptune disturbs Uranus, it is easy to 
see what the result would be, if a small body, say about the 
size of out Moon, being */iooo oi Uranus, came within a 
few million miles of Neptune. Its capture as a moon would 
be absolutely certain. 

§16. The number of moons of the distant planets must, 
as a rule, stand in relation to the size of those planets and 
their distance from the Sun, no matter whether the moons 
have been discovered or not. The reason for this is a com- 
bination of several causes. As one of these causes we notice 
the increasing sphere of a planet's attractive power as its 
distance from the Sun increases. A second cause is the in- 
crease in the orbital excentricity of all the planets in pro- 
portion to their size and their distance from the Sun. A third 
factor is found in the circumstance, that the orbits of the 
minor planets are more analogous to the orbits of the larger 
ones the greater the distance from the Sun; this, again, be- 
ing caused by the diminution of the power of the light-stuff, 
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which causes the large inclination of the orbits of the mvaot 
planets to the ecliptic between Mars and Jupiter, but which 
diminishes as the distance from the Sun increases. We may 
mention, also, as a fourth factor of somewhat minor im* 
portance, that the large comets, far from the Sun, may at 
times, draw the minor planets out of ^eir orbits and thus 
put them in danger of being captured afterwards by the ma- 
jor planets. 

Let us remember, then, that tiie small planets that reach 
the orbit of Neptune at their aphelia, reach or approach near 
the orbit of Uranus at their perihelia ; and that the same class 
of bodies, which reach Uranus at their aphelia, reach in 
many cases, Saturn at their perihelia. This shows clearly 
that the small planets far out in the sea of ether, where the 
large planets rule, Vun a greater risk of being captured than 
those in the vicinity of Jupiter. Those large distant planets 
have for the same reason, greater opportunities to enrich 
themselves with moons than, for instance, Jupiter has. This 
opportunity becomes still greater by reason of the fact that 
the minor planets out there move in orbits analogous to the 
major ones and are, consequently, subjected to the attrac- 
tion of these for a greater distance of their orbits than is 
the case in the inner part of the solar system. 

The reader will then, finally, remember the fact, that a 
smaller planet which reaches or intersects the orbit of a 
larger one cannot escape being captured eventually by the 
larger .one and being made its satellite ; and that this has at 
some distant time happened to the Earth's Moon, and, in fact, 
to all the moons of all the planets. 

(To be continued,) 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

V. 

ScTiewt and TrAntlAtiont by 
William HsfeBBST Hobbs, Madison, Wis. 

(Coaelttded.) 

In earlier numbers of this series there have been reviewed 
or translated recent papers dealing with the tectonic geography 
of the eastern border of the continent as well as special papers 
treating of Korea, Manchuria, and Japan. There remain for 
consideration the Riukiu (Loochoo) Islands, Formosa (Tai- 
wan), the Philippines, and the complex of islands to the south 




372 The American Geologist. D^sember, 1004. 

and west, which with the Philippines have together been desig- 
nated as the Malayan Archipelago. In taking up for consider- 
ation this remaining portion of the region, the tectonic sketch 
map of Fig. i will serve for orientation. It has been construct- 
ed from several maps. On the main land of Asia the great ser- 
ies of arcs and the dominant lines of faulting have been entered 
from von Richthofen's studies. The tectonic lines sketched in 
for the Korean peninsula and about the gulf of Pechili are from 
dominating ones which appear upon the maps of Koto and von 
V. Cholnoky. The volcanic zones and the arcs in Japan have been 
taken from the new official map of Japan issued by the Japan- 
ese government and from v. Richtofen's sketch map, and the 
last mentioned author has been followed in Formosa and the 
Riukius. In the Philippines and other portions of die Malayan 
Archipelago the data have been furnished by the maps of Suess 
and Koto. The volcanic zone to the eastward from die Malayan 
Archipelago is entered from Berghaus's excellent Atlas der 
Geologie, 

Riukin Arc: The island of Formosa and the island arc 
which connects it with Japan (Riukiu or Loochoo arc) has been 
made die subject of a special paper by v. Richthofen*, a paper 
based largely upon the monographs by Yamasakit and Yash- 
iwarit; both of which papers contain excellent maps, the first 
mentioned of Formosa and the other of the Riukius. It has al- 
ready been pointed out that the double series of arcs upon the 
continent border is paralleled by a third series that is outlined 
by the festoons of islands which inclose shallow seas and are 
surrounded by great ocean deeps. This latter and seaward 
series seems to end southward at Formosa, the structure of 
which appears to be of a different nature, and which is succeed- 
ed to the southward by more contracted series of arcs, ex- 
tendmg, as Suess has shown, as far as the bay of Bengal. 

The Riukiu islands arc while convex toward the sea ap- 
pears to have a different character from the arcs to the north- 
ward. If one joins upon the map the islands of the outermost 

* Von. Richthofen: GcomorpholoslBche Studicn ana Ostaticn, III, Die nor- 
pholoflische Stelltins von Pormosa and den Rinkin-inpcln. Sitrangaber. d.k.pr. 
Akad. d. WUb. s. Berlin, volt. 89 and 40, 1902. pp. 944-976, with pi. 3. 

t Da. N. Yamasaki: Unsre (eofrraphiachen Kennttiiwae von der Intel 
Taiwan (Pormosa). Peter. Mittb.. toI. 46. 1900. pp. 221.284. with plate 19. 

% 8. Yasbiwaki: Geologic Btmctare of the Rinkin (Loochoo) ctirre and ita 
relation to the northern part of Pormosa. Jonr. Coll. Sci. Imp. UniT. Tokyo, 
Tol. zTi, art. 2. 1901, pp. 8-67, with five plates. 
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series and in like manner the inneimost projecting points of the 
larger islands, the two nearly parallel lines of arcs are obtained, 
which are distant from each other about 60 k. m. — ^the breadth 
of the island zone. (See Fig. 2.) To the southward this dis- 




tance is, however, contracted to less than 34 k. m. The inter- 
ior of the two arcs consists of older, presumably Palaeozoic 
sediments, which are intruded by granite. The outer arc, on 
the contrary, is occupied by rocks of Tertiary ag«. The zonal 
structure of the double arc and the conformity of the strike 
of the rocks to the direction of the arc, as well as the constant 
dip of the beds toward the inner side, render it probable that 
fold structures, perhaps accompanied by overthrusts, may be 
largely responsible for these areal peculiarities. Landward from 
the double belt of islands and closely following its inner mar- 
gin, runs the zone of new volcanic islands which are strung like 
pearls upon a string. To the southward the outer Riukiu arc 
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is interrupted by later cross dislocations within the Saldschima 
group; which is the southernmost in the belt and meets the east- 
ern coast of Formosa in the high and steep peninsula of Doin- 
kaku. From v. Richthofen's map, it would appear that the arc 
where it enters Formosa marks a dividii^ line between domin- 
ant strike directions to the northward and southward, and finds 
here its southward end. 

To the northward the arcs are joined to Kiusiu, the south- 
ernmost of the Japanese islands, and continued upon it, the out- 
er arc by a great fault along the eastern coast of the island, and 
the volcartic zone in the great Graben depression bounded by 
high and steep walls and terminated northward by an amphi- 
theater (Kesseleinsenkung). In the bottom of this depression 
are located important volcanic vents. This important depres- 
sion separates the two southern wings of the Palaeozoic base- 
ment. 

Formosa: Following the Chino- Japanese war, by which the 
Japanese came into possesion of Formosa, an exploring ex- 
pedition was sent out in 1896, and what had before been known 
to science chiefly through its aspects from the sea gradually 
came to be fairly well known. It had been observed that the 
eastern coast was very steep and was backed by high moun- 
tains, two of which received from navigators the names Sylvia 
and Morrison. The western aspect of the island, on the con- 
trary, was one of flatness. The sharply serrated eastern high 
range slopes away to the flat western coast. One of the most 
important discoveries was the remarkable "Taito furrow,*' 
which sharply cuts off upon the east the connected massif of 
ancient rocks along an almost straight line 155 k. m. in length 
and directed N 20** E. This furrow is occupied by three distinct 
streams separated by low divides, two streams passing out at 
the ends of the furrow, while a third intermediate and T- 
shaped one escapes through a gorge in the eastern range. This 
eastern range is known as the Taito range. Between the Taito 
furrow and the similarly directed line about 50 k. m. to the 
westward, runs the dominating Taiwan range, with its peaks 
Sylvia, Kantaban and Morrison, respectively about 11,000, 
9,000 and 13,000 feet in height. These peaks also afe in a line 
running N 20° E. Farther west follows a range consisting of 
Tertiary rocks likewise directed N 20"* E. V. Richthofen adds ; 
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"The significance of the strike given, N 20* E, as determining the 
structure of the Taiwan range, is even more sharply brought out when 
one considers an always important factor in the estimation of mountain 
structure, viz., the courses of the small head streams. . . . It is 
easy to see that the valleys, so far as they follow the longitudinal di- 
rection, striker N 15-ao^ £., and, what appears to be diaracteristic of 
parallel structure, they are many times joined to the trunk streams 
through short cross stretches." 

In the northeastern part of the island, however, the direc- 
tion of the ranges and likewise the strike of the beds is east*- 
westerly^ or almost at right angles to that of the large southern 
portion. This east*westerly structure would seem, moreover, 
to correspond more nearly to the extension of the Riukiu arcs. 
The volcanic 2sone of the Riukius also extends along the north* 
em coast of Formosa in confirmation of this view. West of 
Formosa, however, the volcanic Pescadores islands trend in a 
direction N 15* E and conform to the tectonic lines as well as 
to the strikes within the greater part of Formosa. 

In the transverse dislocations and in the abnormal strike 
directions characteristic of the southern or Sakischima group 
of the Riukius, von Richthofen sees, a parellel to tfie case ex- 
emplified by the island of Crete in the Mediterranean, which 
while clearly a part of an arc that comes out from the Pelop- 
onnesus has tongues of land projecting northward into the sea 
from the western portion of the island, and these are explained 
by cross faults and Graben depressions along them. 

To sum up, the Riukiu arc and the arc fragments of For- 
mosa differ from the arcs of the continental series for the rea- 
son that in the meridional arms, the strikes characteristic of 
the fold structures accord with the lines of depression (Absen- 
kungslinien), whereas, the rule upon the continent is that in 
the meridional arms arc-like dislocations quite generally cut 
across the prevailing strike. In conclusion the author says : 

'"The facts are augmented which for a series of different arcs lying 
to the north of the parallel of 22* in eastern Asia, allow of the conclus- 
ion that the normal structure of those parts of each individual arc 
which are included in the equatorial components, has been brought 
about before that of the meridional components; and that after the 
arc-like closing together, both the tectonic processes which after sub- 
sequent longitudinal depressions and disruptive longitudinal fractures- 
gave to the meridional arms the normal form, extended over in the 
equatorial arms to the arc next adjacent upon the north, bringing about 
there abnorrral cross dismemberment and transverse fracturing." 
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The Philippine Islands: It is unfortunate that we should 
possess so little knowledge of the geology of the Philippine 
islands. After six years of occupation by the United States 
the only reports published are those by Becker* which review 
the scattered papers, mainly in foreign* languages, which at 
different times have referred, however cursorily, to the geology 
of the Philippine islands. 

Of great interest, however, and especially so because of our 
meagre knowledge, is the collection of ores, minerals, and rocks 
which have been gathered from many sources and placed tjpon 
exhibition in the Philippine Mines building at the St. Louis 
Purchase Exposition. With the knowledge that valuable de- 
posits of coal (including good steam coal), iron, and copper 
occur in the islands, and that some of these are soon to be 
vigorously exploited, it seems unlikely that tfie geological ex- 
amination of the islands can be much longer delayed. The 
importance from a strategic as well as from an economic stand- 
point, of devetoping these deposits it would seem would be 
generally appreciated. For our knowledge of the structure of 
the islands, we are especially indebted to Austriant and Japan- 
eset geologists. 

In the paper on the island world of southeastern Asia, Koto 
has included a brief section upon the Philippines, which, mea- 
gre as it is, contains important conclusions regarding the areal 
and geologic structure of the islands. In the larger archipel- 
ago of which the Philippines form a part, mountain ranges and 
chains of volcanoes radiate from the inner group, which con- 
sists of the islands of Borneo, Celebes, and Gilolo. These 
mountain ranges comprise parallel ridges, separated by tec- 
tonic valleys, one of which extends from tiie bay of Butuan to 
the bay of Davao in Mindanao, and another from the bay of 
Lingayen to Manila, so as to separate the main Luzon chain 
from the westerly Zambales. The volcanic zones and the prin- 

* Obokob p. Bbckbb: Brief memorandmn on the freology of the Philip- 
pine Islands. U. 8. Oeol. Snrv., 30th Ann. Rep., pt. ii. pp. 3-7, 1900. 

Obobob p. Bbckbr: Report on the GeoloRy of the Philippine Islands. U. 
S. Geol. Snrr., 21st Ann Rept., pt. iii. pp. 493-614. This paper inclndes a list 
of sources and a translation of C. Martin's paper concerning Tertiary Possils 
in the Philippines (pp. 615-626.) 

f SUBSS: Antlitx der Brde. vol. i, 188S, pp. S8S-688; vol. ii, 1888, pp. 206- 
217; vol. iii, 1901*. pp. 308-382. plate II. 

X Koto: On the iceoloRic stmctnre of the Malayan archipelago, Jour. CoU. 
8ci. Imp. Univ. Tokyo, toI. ii, pt. il, 1899, pp. 83-120, with plate I. 
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dpal tectonic lines of the archipelago as they have been made 
out by Koto, have been indicated in iigure i. 

Becker*, after a careful review of the literature, expresses 
the opinion that too much effort has been made to show un- 
broken continuity of the volcanic zones in the archipelago, and 
adds : 

"Fissures occur far more often in parallel systems than singly, and 
just as dikes frequently jump from one fissure of such a system to 
another, so, I think, do the greater volcanic phenomena; Fissures, 
furthermore, commonly occur in two systems, cutting one another at 
a large angl<*, and there are somewhat clear indications that such is 
the case witb the ydcanic belts in the Philippines south of Manila. 
These two systems are approximately parallel to the two prongs of 
Masbate, but each is curved, the centers of curvature lying in the 
China sea, one of them much to the southward of the other. I should 
consider, provisionally, that the elevations of northwesterly trend, such 
as the mountains of eastern Mindanao, Leyte, Tayabas, Mindoro, 
northwestern Panay, and perhaps the northern extremity of Palawan, 
belong to the one system, but represent a considerable number of dif- 
ferent though associated fissures. The trends of the northeasterly 
character also seem to belong to one system. The western fork of 
Masbate appears to continue to northeastern Panay, but to be inter- 
rupted with an offset in tihe southwestern portion of that island. The 
southerly prolongation, it seems to me, is to be found in the Cagayanes. 
Of course Palawan, Negros, excepting the southern end, and the Bas- 
ilian-Jolo group belong to this system. So nearly as I can make out 
by plotting, the two systems intersect at pretty constant angles of about 
60^. A fairly consistent and satisfactory scheme of short arcs can be 
arranged in this way for the ranges south of Manila, but I hesitate to 
print my diagram, because a map conveys an impression of certainty 
and definiteness whidh in this case would be erroneous. f 

*To the northward of Manila the same scheme of ranges seems less 
plausible. I am almost inclined to think that the Sierra Madre and the 
Caraballo del Norte, which are composed largely of crystalline schists, 
are each made up of short arcs belonging to each system. Some 
support for this guess is to be found in Mr. d' Almonte's large map 
of Luz6n, where the watersheds show several zigzags. This region is 
perhaps a 'horst' in Mr. Suess's sense. As for the Sierra Zambales, it 
seems to me most probable that it continues southward through Pico 
de Loro and cape Santiago to the lofty Alcon peak, in Mindoro, and 
so into Mariveles through Pico de Loro to Balayan, near cape Santi- 
ago, in Batangas province. The western range of middle Luz6n would 

* I. c, pp. S4S. 

t Dana called attention to the tymnietry exhibited in the trends of the 
islands. "Thvs the bod j of Ltizon is at riaht angles with the sonthem extrem- 
ity; Palawan Is at rijcht angles nearly with Mindoro/' etc. He also points ont 
that both of the two systems of trends are cnrred. 
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thus be affiliated with the system with a northwesterly trend. Mr. Von 
Drasche, however, calls attention to the fact that the Sierra Zambales 
exhibits a remarkable double repetition of the two main directions of 
Luz6n, one nordierly, the other northwesterly. With Arftyat I can do 
no better than leave it in its impressive loneliness." 

The latest information regarding' the outer groups of the 
Malayan archipelago is contained in Koto's paper, already cited. 
In. his geomorphologic studies von. Richthofen has included a 
general and, except that Japan is not included, a summary 
paper especially devoted to the genesis of the island arcs.* He 
ascribes the dislocation planes represented in the arcs 
to the operation of tension, as has already been par- 
tially explained in an earlier review of this series. This theory 
advanced in the studies to the present writer appears less 
satisfactory than the descriptive portions which have been al- 
ready reviewed, and on this account is left without further com- 
ment to the reader. The paper is of especial interest to an 
American reader for the reason that it presents the views of 
this great geographer and illustrates by examples the terms 
which have gradually come into use by the Austrian and Ger- 
man schools to describe the composition of mountain systems. 

University of Wisconsin, 
Madison, Wis. 



A THEORY OF ORIGIN FOR THE MICHIGAN 

GYPSUM OEPOSITS.t 

By G. P. Orimslsy, Morfcantown, W. Va. 

The most generally accepted theory of origin of the large 
deposits of gypsum and salt, has been the evaporation of salt 
water lakes, bays, and seas, cut off from the main ocean. This 
theory has been given for the Iowa, New York, and Kansas 
deposits in the reports on salt and gypsum in those states. In 
the Kansas report, the writer endeavored to picture the his- 
tory of the changes resulting in the deposition ot gypsum in a 
bay whose waters retreated to the southwest in Permian time. 

• Voa Richthofea: GeomorpholoiriBche Studieu atis Ostasien^ IV. Uber 
Gebirsskettungen in Ostasien. mit AussctaluBs von Japan. Sitxttnsttber. d. k. 
pr. Akad. d. wTas., vol. 38. 1903. pp. 867-891. 

t Published by permission of the Director, Michigan Geological Snrrey. 
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When such a body of salt water is cut off and evaporated, 
the gypsum is deposited after 37 per cent, of water is removed 
and common salt only after the removal of 93 per cent. The 
normal order of these formations would be a deposit of gyp' 
sum, and then a much heavier deposit of salt. But since 93 
per cent, of the water must be evaporated before the salt would 
be thrown down, the evaporation might go far enough for the 
deposition of gypsum, but not far enxmgh for salt ; or the salt 
might be deposited and subsequently removed by sohition. The 
first condition apparently took place in the Kansas gypsum area 
and both' conditions probably occur in Michigan. 

In most areas, the amount of g3rp6um found is far greater 
than the amount that would be found in a body of ocean water 
sufikient to cover the gypsum area at reasonable depths. This 
has led to a number of modifications of the salt sea theory. In 
Oklahoma and in Canada, the salt sea theory was set aside and 
the origin of gypsum in those areas was given as due to an 
alteration of limestones through action of sulphur vapors or 
waters of springs of volcanic origin. In Iowa, and ^n some of 
the reports of Kansas, and in the older reports on the Michigan 
gypsum, the former salt sea has been compared to the present 
Mediterranean sea with its upper inflowing and lower outflow- 
ing currents over the submarine ridge at the strait of Gibral- 
tar. In this way the waters of the interior sea while evaporat- 
ing would receive an influx of additional salt waiter adding in 
its evaporation to the total quantity of deposits. The same 
theory is used to explain the great thickness ot salt at Stass- 
furt (1000 feet) and at Sperenberg (3000). 

GEOLOGY OF MICHIGAN GYPSUM DEPOSITS. 

■ 

The geological formations of the Lower Peninsula of Mich- 
igan are represented by an interior Coal Measure basin sur- 
rounded by more or less conr*plete and irregular concentric cir- 
cles of the oldtr formations down to the Lower Helderberg, or 
Monroe dolomyte, the uppermost stratum of the Silurian. 

In Michigan, Winchell in 1862 described a series of sand- 
stones, 296 feet in thickness, whose upper portion was more 
firmly cemented and more homogeneous than the lower, and 
further contained fewer fossil remains, in fact was almost with- 
out organic remains. The upper part was called the Napoleon 
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group, or the Upper Marshall, and the lower portion was called 
the Marshall group, equivalent to the Waverly in Ohio, and 
the Kinderhook of Illinois. 

Above this series, in the vicinity of Grand Rapids, is a group 
of shales, limestone, and gypsum layers, called by Winchell the 
Michigan Salt group. This formation has been shown by Rom- 
inger and Lane to be destitute of salt beds, and the Saginaw 
valley and principal Michigan brines come from below this hor- 
izon, so that it seems advisable to follow Lane"*" and call it 
merely the Michigan group. 

Above the Michigan group comes the Carboniferous lime- 
stone of Winchell, exposed at Grand Rapids and other places 
around the border of the Coal Measure basin. It is equivalent 
to the Bayport limestone of eastern Michigan, to the Maxville 
limestone of Perry and Muskingum counties in Ohio, and to 
the upper part of the St. Louis limestone of the Mississippi 
valley. Over the Carboniferous limestone, the Saginaw Coal 
Measures are found forming the interior basin. -The Waver- 
ly group of Michigan, including the rocks described up to 
the Carboniferous limestone, according to Rominger,t "forms 
underneath the drift, the surface rocks over half the extent of 
the Peninsula, but its natural outcrops are very limited, either 
horizontally or vertically." 

The Mississippian series in Michigan forms a basin-shaped 
fold, and in the center of the Peninsula it is overlain by the 
Coal Measures, and can only be mapped in such sections by 
the aid 6f well records. 

The whole series of Michigan presents more or less irreg- 
ularity, in places represented by shales, and again by sandstone 
apparently contemporaneous. The Michigan group in places 
is cut out entirely on the border of the Coal Measures, and 
again the Bayport limestone is present and the lower gypsum 
beds are gone. This limestone at Grand Rapids is about 50 feet 
thick and rests on the gypsum formation. 

In the interpretation of the geological history revealed by 
these rocks and their relations, the writer wishes to acknowl- 
edge his indebtedness to the various papers of Weller, Lane, 
and Keyes. 

* Mich, GeoL Survex, toI. vii, part II. p. 18. 
t Mich. Geoh SurveXy toI. lii, part I, p. 69. 
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GEOLOGICAL HISTORY OF THE MICHIGAN BASIN. 

At the opening of the Carboniferous period, Lower Michi- 
gan, Ohio, and a large part of Pennsylvania, were covered by 
a gulf which opened to the northwest across Illinois and Min- 
nesota. In the earlier part of the Mississippian epoch, the land 
was sinking around this gulf, especially to the south and south- 
west and in this sinking area were deposited the sediments of 
the Kinderhook stage, forming limestones, sandstones, and 
shales, mainly shallow water deposits irregular in extent, vary- 
ing in fossil contents, so that the same series of rocks has been 
given a variety of names by geologists. These names are often 
used in local geology, but now are known to be contemporan- 
eous, and they are included under thciname of Kinderhook. 

By the close of this divison of time, the large gulf extended 
south into Arkansas and Tennessee and west to the Rocky 
mountains, and opened northwest across the Dakotas. 

For a long period of time the salt water gulf remained 
stable and quiet, supporting a rich fauna of corals and crinoids, 
which have formed the Burlington and KeoKuk . limestones, 
known throughout the world on account of the variety and per- 
fection of their crinoid and brachiopod fossils, 'fhese lime- 
stones and other formations, related in time, have now been 
grouped under the name of Osage or Augusta. 

While there were many local and minor vanations in the 
physical conditions, and therefore in the life characters In 
this gulf, there was a greater and more important contrast in 
these characters between the eastern and western portions, sep- 
arated by the Cincinnati island. These have been named by 
Weller* the eastern or Waverly province, and the wec'tern or 
Osage province. 

In the Kinderhook gulf the faunas were intermingled to a 
very considerable extent ; but in the Osage age the clear waters 
of the Osage gulf supported a fauna which could not flourish in 
the sediment-laden waters of the Waverly province. 

The land to the northeast of this Carboniferous gulf was 
above sea level, the drainage system of that highland carried a 
large quantity of mud and sand sediment into the Waverly gulf, 
forming the conglomerates, sandstones, and shales of that area. 

* Journal of Otology ^ Tol. vi, p. 308. 
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The Cincinnati island afforded a partial barrier to the drifting 
of the sediment into the clearer Osage waters beyond. 

At the close of the calm Osage age came a series of uplifts 
and depressions, whose effects are seen in the Mis^sippi valley 
and at the east. The St. Louis limestone was formed in waters 
extending 200 miles further north than those of the Osage, 
and this northward extension was followed by a retreat of 400 
miles to the south. 

In the eastern part of the Waveriy gulf, the dianges began 
earlier than in the Osage gulf, and the coast line, according to 
Lane,* receded westward from western New YcM-k and central 
Pennsylvania, until a large part of Ohio and Indiana were out 
of water by the end of the Marshall or Waveriy age. This left 
the Michigan basin enclosed between the mass of land at the 
northeast, and probably also at the northwest, and the low land 
over ncHthem Ohio and southern Michigan.t 

On the south side of this low land were deposited the sedi- 
ments forming the coarse sandstones and conglomerates of the 
Logan group laid down irregularly in Ohio with an average 
thickness of 200 feet. To the north side wete deposited the 
sediments forming the rocks of the Michigan group, shales, 
limestones, and beds of gypsum. 

The Mississippi extension of the St Louis is represented in 
Michigan by the Bayport limestone, in Ohio by tne MaxviDe, 
which come above the Michigan group. This group would 
correspond in time with the Burlington and Keokuk, or the 
Osage (Augusta) of the Mississippi valley. The thickness of 
the group in Michigan is 232 feet (Lane, VoL \TI, Part II, p. 
16), the Augusta in Iowa is 230 feet, the Logan in Ohio is 200 
feet. 

MICHIGAN GROUP. 

The Carboniferous, Ba>'port, or St« Louis, limestone in 
Michigan is also called by Lane the L^pper Grand Rapids ser- 
ies, and the Michigan group is known as the Lower Grand 
Rapids. 

At Grand Rapids, the typical localit>- for tUe section, the 
lower series outcrops to the south of the cit>- as a group of 
shales, thin bedded limestones, and g>*psum layers, while the 

* Miebigmn GcologicMl Surrey, ▼ol. rii. part II. p. 15. 

i The extension of the Cincinnati ialand aborc mentioned. 



ijpTpe'r series ou«(?fidp6 along the H^^'in-the dty nearly tb its 
north limits.* A number of quarries have be^ dpcried ili the 
bed' of the river, and, according, to. JLominger, the contact cQuld 
be seen at tfie foot of tlie rapids in the earlier history of thej:ity. 
This limestone is about 50 feet thick. 

'The only localities in Michigan Whererg}'psum is found iti 
this formation near the surface, are 'in the vicinity of Grand 
Rapids and at the e'ast near Alabaster. ' The formation, how- 
ever, is found in' a belt of varying width bordering the coal 
t>iasin, and through most of the area it is more or less concealed 
by the overlying drift. ...:.;, 

QUAKTITY OF GYPSUM IN. THE ANCIENT MICmCAN SJEA COM- 

' ., PARED WITH THE PRESENT SUPPLY. 

. • . • ■ . . . . . 

The afea.of rocks in Michigan after the Marshall or Kinr 
d«rhook series is approximately circular in outline with a tad-: 
ius of 85 miles giving an area- of 22,686 square miles. As will 
be shown later the sea covering this area in Osage times was 
approximately 700 feet in depth and assuming an. avei:age depth 
of 326 feet, based on well records, there would. Have been about 
1,280,000 billion gallons of water. 

- : The analysis- of Atlantic .ocean water shows 93.3 grains of 
gypsum to the gallon. If this Michigan sea had this same pjEo* 
portion,. it would have yielded 8,500,000,000 tons of gypsum. 

The thickness of gypsum at Grand Rapids* is 18 feet and at 
Alabaster 20 feet. The approximate area at Grand Rapids is 
^4 square miles and at Alabaster 10 square miles, and while the 
gypsum does not by, any means keep the thickness given over 
the entire area and is even absent in 'places^ it has probably been 
rcsaoved. by solution since its deposition. 
. These .figures _would give a total quantity ol 1,237^764,000 
tons of g)rpsum. . Where gypsum is found in thfe deep wells it 
is usually in thin beds and in manyof them it i& entirely absent. 
It is thus evident that the quantity of gypsum held in this old 
Michigan salt sea is sufficient to explain the quantity of gypsum 
actually in ^existence today in its basin. ./..,. 

> If the assumption is made, and.-there.is no basis for it, that 
the gypsum covered all the interior sea area 'withia .thickness of 
2d;fcet, then it would require 917 billioatoos oClime sulphate in 

..• A dee. Wbittcmore Proc, Mich. Aead. of^^afink,'^ AXad>SUbikK% "Ppotk 'Kent 
Sci. lamt. No. 8.. 
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the sea, more tbtn a hundred times the quantity that probaUy 
exist(^ in thfi bMtn. 

CASPIAN SEA AB AN ILLUSTRATION OF THE MICHIGAN SEA. 

The gypsum deposits in Michigan do not occur uniformly 
distributed through all parts of this old sea basin, but they ap- 
pear concentrated in certain areas of comparatively small size. 
For the cause of this localization of the deposits we may look 
for a modem illustration to the conditions in the Caspian sea. 

Into the northern part of the Caspian sea empty the Volga^ 
Ural, and the Terek rivers bringing in a large quantity of fresh 
water so that in this portion of the sea the water is nearly pure 
with a specific gravity of 1,009. This small percentage oi salt 
is, according to Van Baer, due to the number of s\iailow lagoons 
surrounding the basin, each being a sort of natural salt pan. 
At Novo Petrovsk a former bay of the main sea is now divided 
into a number of basins showing all degrees of saline concen- 
tration. One of these has deposited on its banks only a thin 
layer of salt, a second has a compact mass of salt on its fk)or,. 
and a third has lost all the water and is a mats of sak covered 
with sand. 

The concentration is seen 00 the greatest scale in the Kara- 
boghay (Black gulf) of the Casoian, where the nearly circular 
shallow basin is about oo miles across and almost entirely cut 
off from the sea by a long narrow spit of land, so ttiat the gulf 
and sea are only ccmnected by a channd not over 150 yards 
broad and five feet deep. Throi^h this channel there passes 
into the gulf a current with an average velocity of three miles 
an hour, but which is accderated by the western winds. 

This current is due to the indraught produced by excessive 
evaporation from the surface of the basin due to the heat and 
winds. The shallow depth of the bar prevents a counter cur- 
rent of highly saline water into the Caspian. This current car-* 
ries into the Black gulf, according to Van Baer, 350,000 tons 
of salt daily. If this dfvkling bar of land should be elevated 
and cut off the basin from the sea, the gulf would rapidly dim- 
inish and become a salt marsh, which later drying up would 
leave a large salt deposit. 

With a greater depth of water over the dividing ridge the 
counter current would come in as at the straits of Gibraltar and 
the evaporation could go far enough for the deposition of gyp- 
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sum while the concentrated salt brine would pass back into the 
larger sea. This was nrore probably the condition in the Michi- 
gan gypsum basins as will now be shown from a study of geo- 
logical conditions and well records. 

MICHIGAN INTERIOR SALT SEA. 

The Kinderhook sea of the American continent was an in- 
terior sea with a bay extending northeast into Michigan. In 
this bay were deposited the Marshall sandstones. The close of 
the period was marked by uplift in this area causing a retreat of 
the sea southwestward finally exposing a wide area of land in 
southern Michigan and northern Indiana. At Lafayette, Indi- 
ana, the floor of this sea was at least 563 feet above sea level. 
North of this barrier was a large interior sea with its floor 375 
feet above sea level near Grand Rapids, lower by nearly 200 
feet than the ocean to the southwest. This area was sur- 
rounded by the Marshall series, at this time dry land, 777 
(Kalamazoo), 983 (Coldwater), and 1000 (Hillsdale) feet 
above sea level on the south; 700 (Huron county) feet on the 
east; and 755 (Grayling) feet at the north. A sea, like the 
Gispian, with a depth at first of probably 700 feet or more and 
an area of 22,686 square miles. 

In this sea were elevations and depressions, a ridge at 
Lansing 500 feet above sea level and a depression east of Sag- 
inaw 380 feet below sea level separated from the main basin by 
a ridge 187 feet above the sea floor. 

This sea probably had its tributary streams coming from 
the highland at the north and northeast flowing down across 
the recently emerged flats of the Waverly and Marshall land, 
bringing a supply of sediment and doubtless salt from the Sali- 
na beds at the north. The lake basins of Michigan and Huron 
^ere not in existence at this time but belong to a much later 
chapter in the geological history of our continent. The irreg- 
ular clay seams and the clay dividing planes in the gypsum rep- 
resent an influx of sediment, wind blown material, or tidal 
currents. 

As the evaporation of these waters went on, the first de- 
posit would be carbonate of lime thrown down when the specific 
gravity was raised to between 1.0506 and 1.1304; by further 
concentration the gravity would reach 1.22 and in this interval 
gypsum would be deposited. At this period 37 per cent, of the 
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water must have been evaporated. If the sea was 700 feet in 
depth, it would now be 440 feet still covering the Saginaw 
ridge but exposing the Lansing ridge. Further well records 
might give a clue to other basins separated by ridges of land. 
The sea would gradually become like the Caspian with smaller 
basins around it, in which all degrees of concentration would 
be found. / 

In the deep basin near Saginaw the dividing ridge would 
be exposed before salt was deposited. In such an evaporating 
basin the deposit of salts would occur around the borders of 
the basin first, and by the influx of water across the Saginaw 
ridge the water in the concentrating basin was probably re- 
newed, resulting in the 20 to 25 feet of gypsum now found in 
that area. 

The normal order of deposits should be lime carbonate, on 
which would be a deposit of gypsum covered by layers of salt. 
In the present developed areas the gypsum rests on a limestone 
floor, but with no traces of salt over it. The salt deposits arc 
below the gypsum series in the underlying porous Marshall 
sandsfone. Further, in the salt series of Saginaw, Grand 
Rapids, and other places, there are no traces of rock salt, but 
the salt wells secure the salt from natural brines. 

If the Michigan interior sea evaporated completely there 
would have been, on the assumption its waters were like those 
of the present Atlantic, 17.9 times as niuch salt as gypsum, and 
the salt over the gypsum or in the lower part of the basins 
toward the interior where the waters deprived of their gypsum 
content had retreafed. 

If these conditions were true, the salt might later have been 
removed by solution in downward percolating waters which 
dissolved the more soluble sodium chloride. The gypsum now 
remaining does show marked effects of solution agents, the 
surf nee being rounded and furrowed by solution, and in places 
it is entirely removed. Thescf effects would have been far 
greater in common salt. The salt-laden waters or brines 
world flow downward along the slope of the rocks and through 
th(i> . finally remaining at rest in the porous sandstones of the 
Mp^-liall where it is now found. Further, the salt seems to be 
fo' ' d in greater amounts toward the interior of the basin than 
ne '^^e edges; more at Saginaw, Ann Arbor, Lansing, etc. 
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than at Tawas and Grand Rapids, though it is found in all these 

places.. ^ . ' V • V - V 

Another possible explanation of the final history of this sea 
is to be found in the greait extension of the sea in the next epoch 
when the St. Louis limestone was formed. The sea in the St. 
Louis epoch extended its borders north and south and passed 
across the interior basin of Michigan to Grand Rapids on the 
west -and to Huron county on the east. Possibly this renewal 
of the waters took place before the Michigan sea had disap- 
peared by evaporation or before it had evapctt^ted enough to 
deposit a large quantity of salt except in certain smaller basins 
separated by the dividing ridges. 

From the evidence of sandstones and shales of the Michigan 
series found in the well borings of the interior it would seem 
that the ocean flowed over the southern barrier into the interior 
basin a number of times before the greater St. Louis inundation, 
and at these times deposited the sediments which are lacking in 
gypsum and salt contents. At these times the water would be 
diluted, its specific gravity lowered so that precipitation of the 
salts would not take place. These overflowing waters, local in 
their occurrence, cannot be correlated with other sections unless 
with those of the Logan series of Ohio, whose origin may be 
similar. 

In the deeper Michigan borings, gypsum appears to be re- 
placed by anhydrite; but where the depth of concentrated wa- 
ters is 325 feet, giving a pressure of ten atmospheres, anhydrite 
is formed instead of gypsum. . 

This theory as outlined for the Michigan.gyp^um deposits is 
based on the study of a few well 'borings and a comparative 
study of the conditions in the Caspian sea of today and those of 
the Michigan area as far as they can be determined'. There is 
a wide range of probability involved aiid while the theory is 
advanced as a theory resting on limited data, it may be taken, 
as representing approximately the conditions of origin of these 
deposits. » . 
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A Trt^iu pm Metom^erpkismL By Chaho Ricsao Vav Hsb. Wash- 

itigtoo, D. C: Monosiaph XLViL The United Stales Geological 

Surrey. Pages 12B6; illnstrated with 13 plates. Price $1.50. 

The ioUowing is a stmnnaiy of the voliime: ' 

This tieatise is an attempt to rednoe the phenonena of HKtamor- 

pfaism to order onder the principles, of physics acd chcMiilry, or wan 

simply, under the laws of cnefgy. Mct am orphism is hrondly deined to 

include all aherations of all rocks hy all processes. The metamorphism 

of the sedimentaiy rocks was the first subject studied by the antiborand 

metamorphism has been a duef line of investigation, with him for more 

than twenty years. Finding that die alteration of rocks was nowhere 

s y stema tically tveated, he took up the task <rf pirpnring such a woik. 

It was supposed that tbb work would oocupy two or three years, but as 

a matter of fact it required seren years^ and an ei^ith year has been 

needed to put the volume through the piess^ 

The book consists of twelve chapters. Chapter I discusses the geo- 
logical principles upon which a classification of metamofphism may be 
based. From this discussion it is concluded that the only pracdc^ile 
rfasBififation of metamoiphism is geologicaL It is found that the al- 
terations of the outer zone of the earth are radically different from 
those of the dcq>-seated zone. Moreover, it is shown that the altera- 
tions in the upper zone result in the production of simpler compounds 
from more complex ones, whilst those in the deep-sealed zone result 
in the production of complex compounds from more simple ones. The 
upper zone is called that of k^tamorphism, and the lower zone that of 
anamorphism. 

Chapter II, upon the forces of metamorphism, discusses chemical en- 
ergy, gravity, heat, and light The manner in which each of the classes 
of energy produces various mechanical and diemical effects upon rodcs 
is set forth. 

Chapter III treats of the agents of metamorphism. The agents of 
metamorphism are gaseous solutions, aqueous solutions, and organisms. 
Under aqueous solutions the chemical and physical principles controUiiig 
the action of ground water and the circulation of ground water are 
fully discussed. This involves a full resume of the science of physical 
chemistry so far as applicable to the alterations of rocks. This resume 
is not simply a summary from text books of physical chemistry, but 
discusses the applications of the principles to the phenomena of meta- 
morphism. 

Chapter FV, upon the zones and belts of metamorphism, discusses 
these zones and belts from the physical-chemical point of vi#w. It is 
shown that the alterations of the zone of katamc wMi 

liberation of heat and expansion of volume, the ' cbg 
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oxrditicMi, ttiiboftmAoa, uid hydmtkML The ailteraticmi of the fone M 
mmtmr p lu sm occur iHth ^rbsorpiioii of hot wtd tflmlniition of voluiM, 
the diM tettcticm tning d^oxtdafion, ^lettlon wltli decftf bomtion, and 
ddqrdntion. Tktts the alterations in th« two oppose etch other. The 
zone of katsmoTphism Is divided into two helti» th«C ilbOve the ieve! of 
gnnnid water, tiie bdt of weatheffang, and thftt below the level of ground 
w«fer, ealM the heh of eenwRCattoa White the lAtysical^hemkaf prin- 
ciyles of alteraeion ai« the same in e«ch ol tbeee MUt tfee feologfcal 
p roce s se s sre very dtif erent. The bell of wwitheflftg^ is characterised by 
solotfon, decrease of voitinte, and softeniiig< restdting in physfcil de- 
generatioiL The belt of cementation is characterised by def^osrtion, in-* 
crease of volume, and induration, resulting in physical coherence. 

Chapter V treats of minerals. Each of the rock-inakihg minerals is 
discussed with reference to its occurrence iMid altevations. The tltera- 
tione are consideffld from the pliysica1-chen«ie»I point of view. An at-> 
tempt 19 made to write chemidl eqaatiene which represent the trans« 
formations, and to calculate the volume relations restfltfng. It is found 
that a great number of rock-makirtf mineraH undergo two classes of 
chnngef, one of which is characteristic of fhie xowe M hsft^fMorphism, and 
the other of which is charecteristit of the «one of amamorphism. Per- 
haps the nrat important generalieation of this chapter is as to the re- 
versibiKfy of reactions in the ewo opposing zones. This generalization 
is as follows: The e^sations which represent the reactfons in the zone 
of katamorphism are reversible in the zone of anamorphism.; and so far 
as there is expansioit of volume and Hberatioii of heat in the upper zone, 
j«at so far is there condensation of volume and absorption of heart in 
the k>wer zone. 

Chapter Vi considers the belt of weathering. The belt of weathering 
being the one which is most readily observed, has been treated by many 
authors. The chapter in this vohime on weathering differs from pre- 
vio«R» dfscifssions in that the phenomena are not considered mamly from 
the descriplive point of view, the emphasis bekig given to the classfflca'* 
tion of the piMnomena and their explsinaifion under physical and chem^ 
ieal principles. Also an important feature of thts chapter is the consid- 
enrtkm of the phenomena of the bek of weathering ht relatk>n to the 
alterations of the other beHs of ntetamorphism. 

Chapter VII treats of the Mt of cementaeion. This belt is defined 
as extendnig fr«»m the bell of weatlieving to the bottom of the zone of 
fnKtare. The gcologica:! results^ are found to contrast very markedly 
ffOiv theve cpf the belt of weaCherinf. In the latter beK solution is the 
nilv; openings a«e enlarged; the roeks degenerate. In the bek of ce 
mentation^ upon the other hand, the processes* of metamorp^ism con- 
tinuously deposit material, the openings are closed, and thus the rocks 
are condslidated. Each of the cementing subsianees is considered, and 
an expfeiMMiofl' is offered as to why cementation ralher than solution 
is a general process in this belt. 

Chipltr VIII treats of the zone of amamorphism. This is the zone 
' *'^'^ Tck ftow oeeur». Full exptanationsr of the meanhig of rock 



flaw and ^f the developmet^t lof s.meji: secpndjMV stfUcttireijtf slattifes6,> 
schjistDs^ty, aad.th^ gnjei$s$>6Bly.^e o^ed, .B«rha|>8 the -moot tdipoftani 
gieneraljzal^n/is^tiuyk '-Rqck 4(^1^' i^ tfi^iily accQimrUshed tfarougb icoK4: 
ti,|Dtious r eplutjpn atid,«xiepo5itiQa;; that ^ia^rby' j'^tystaUUatton 'of. th^« 
rocks through the 9£eflC|;'of the cfinp^io^ M^atcr.'' : But- -rock*' flowrir: 
partiy, accom^lUh^d t^yvdireet'm^ch^oiCal.'straint^ -Ac tfafe jbegpinntng o£^* 
the process^ ^ring the -process/ attd at the end'rof.thci ptociBsi;"tfaeroclc8f/^ 
w^th tl^iC; exception pf., ail :jn^pifeeiablt affyE)unt^:are*crystadHted 'noltds,*^ 
. .'Chapter IX; treats, of- rpcks/ *A classifieation of the sedimentary rodn^ 
is^given,. their -genf^i$, is- 4i#eu$s«d, tfnd the:- series* t>f: tr«i9foniiatio»R 
through which each pf ith^^roc^^ pa9fe» is.* traced. out;- the fe^uUaht. rocks ^ 
being indicated. It wa^ not found possible t0 giVe ;a similar treatment • 
fpr the igneous rodcs^ . > • ;.: . ;.'. • ? v . , . ; - - • 

. ^ith.the ninth chapter the subject- of met^morphism proper closes,' 
but the results contained in the^e ninie chapters; baVe .an ilnportant bear-r. 
io^ upon 9ther parts of physioal gM>}ogy^: The. reniiaining chapters tDorn-? 
sfder these 'relations. > •>. ,, .. .'v.-rr i 

,. Qhapter ^. discusses th^.-reljatipiis of mctamorphisiAr^Ao stratigraphy^' 
It .is shown that in consequefice .of metaniorphism r^^^at difficulties "ax^ 
introduocji i;i ^^r^jtigraphical- work,;, The- natuw: of the difficuhtc»and.' 
the manner ip vifhich .th^,xmy'.>eH>Ve;r<ome9fe:luliy.t^ .: * 

, Chapter XJ treats pf the r/elations of metamorphism to tlie distribiu 
tion of the chemicaLeleineats. ..'Ehis is perhaps, the most darmg of the 
various attemjpts,^ generaHaing of-Jhe tr^tjsc. • It is- shown -that av a 
result of the forces and agents of; metamorphistti tbe elements of- the^' 
original ignepv}^ rocks rare ^redistributed, a given element' being less i 
abundant in the larger number of sedimentary rocks than in- the ofiginaf 
rQcHs,^^.and,.correspondnig -jykh -t^is Repletion, eachi of the elements) is 
segregated 4n ofic or mor^ formations. .An .attempt is'-mkde to tniat ithe:' 
probjem of tiit redistribution of the elements qiiantitati'vely. * Assunip^" 
tions-arermade a& tp the totfl^i^assof. theisedi^enta «sidrof.tfae»elative'. 
prpportions of the> n^re imppf^nt i^las^es, of'vs^diments.c . !G>mbi6^ing':r 
these assumpjtjons witli the results .o{ chemical r:analyses^<th(e.lfl6se^: and ^ 
gains of .various foqnatjons for- eaphi of the important 'elememl^s: of the « 
earth are considered.. ^ixy.,surposv^' results are reachciici F6r^stano^'> 
we find the conclusion tbatito o^4iae the i^sx'oua 'iron of the xuiginal t 
r^ks to the ferric condition in w.htch most of. it -ociairs .in Ithe sedimdi'- 
tary rpcks, asper-cent »of the.«mpunt of vO<yg<»i. In the.«im^p'herC/ha«t; 
been required. But;^§till mpre- staxtling* is the)^>u^usitm<tthat 'to oxidize: 
the.sulphqr and iron of iron sujphid^s in Order to prpducH} theeaul^te*'' 
of the ocean and gypsuip^k^posits, and ^o.tJ«n^form tbe ijoDii to -the ferrici 
form, required one j»nd ope4udf times the .amount nOWiinj-the. atmowji 

phere. . . j ., ,; . .- .t^ .' •"• ' i'T '■ • ^" r'*» ':' • - '* 

The final chapter of th^ hock, Xlh is Wpon the relaiicmt bf -m«t»'<;j 
morphism to ore deposits*. U:is probable^^hat this chapter wittrfeoeivCi: 
more general attention than any other. ' ,The imperial. ^of [thooiylhcr.I 
chapters is, oi?j kind whi^h.i%. likely to be of'int^restttolJtlfe-geplicSist 
only, whereas this chapleris o^GioHw'eBt ^o alUm«n cohceuoed iirlthe' 
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gr«at mining indusftVy. -: The chapter' upon *ore dQK>^it9 occupies 24a 
pages ami^- indeed,. might have been named "The prindples of ore de^ 
position." Fron^tbe author^ point of '^iew;** the, majority of pre de- 
posits are produced by tnetamorphic processes. Having worked out the 
general principles of zneta,morphisiH with reference to rocks^rthe author 
fotmd that theapplicatipn of these principles to ore deiK>sition expkiined 
the majority of .ore deposits. From his point of view the •proper tfieorsr 
of ore deposition consists mainly in bringing the particular 'phenomena 
exhibited by ore deposits under the general principles of metamorphism. 
The. chapter contains a new classificaiion -of ore • deposits, the funda* 
mental divisions of which. are the same as those of rocks.' Thus ore 
deposits are divided into three classes, those of sedimentary origin, those 
of igneous origin, and those of metamorphic origm. Strict4y the treatise 
on metamorphisnx should, -perhaps, have* considered only the third class. 
However, the first and second dfisses. ace sufficiently discussed' so that 
the relations of these, ores to those produced by metamorphic processes 
may.be appreciated.^ The discission, upon ore deposits is too elaborate- 
to be summarized, in this, general statement. But it may be remarked, 
that for the metamorphic ores an attempt is made to trace out the solii • 
tion, transportation, and precipitation of each of the chief economic 
metals.., Also the alterations and further segregation of metals are fully 
considered. The c(»iclusion is reached that in many cases an ore deposit 
does not represent a single - ^gregation, but is the result of repeated 
segregations by the same general -processed whicli result, in the depletion 
in certain elements of the various rock formations and their segregation 
elsewhere. In other words the principles of the development of ore 
deposits aric. the principles of the segregation of those elements ' which 
arc, of importance-tp man, but which, for the most part, are so rare* 
that th^ are not included in the discussion in the chapter upon the re- 
distribution of cheipical elements.- . - 

. It is not possible in a summary to give anv adequate idea of the ' 
scope of this treatise on mctemorphism. A very brbad range of facts,'- 
extending far* beyond- wh^t might at first be regarded as apart t)f a 
treatise on metamorphism,. is considered from, the energy .jjoint^of view/* 
It is believed that the volume marks a great stride in the' reduction of 
the entire subject pf phy^ic^l geology to order undfer the .principles of 
physics' and chei^istry, and points out, the way for a tneataient of the' 
entire subject from this poi;3tof view. . , • * -»•• c-' »• - • 

VplcoHoes and Seismic Centers of the Philippine .Archfpelago. ..By Re-.'. 
M,. SAOEkRA Maso, Assistant Director, of the Philippip« Wfath«r, 
. Bureau. Bu^etip ,3. ' Census of .fhe. Philippine JsJwid*. ; P?g« 80 :^ . 
. W4th ,,maps, .outlines, and view! • frorn, ph<,tGR«>phs. .,Wash..,gtpn..! 

' ThU'reS.; .yrritten for. .the.' ^hili'ppine Gensu:s^,>y. FaJ»?r Maso : 
wJ,o,.dflring the past. fifuen years has. beenrwnnected *^fh^ t^e^W^y 
equipped seismic' observatory in Manila, P'«"'t\<''^<="P*'?"',.^f^\'^' 
toty of the volcanoes and tTacts of origin of earthquakes m th.s great 



^•;_- 




I 



39« The Ameriam GeoicgisL i>6<»mb«r. 1904. 

granp or archifieliCO of itlands, fonumg a part of the veiy I'-mg Pa* 
cifie volcifiie beft The archipdago contaim twenty well-knou aid 
recent volcanic cones, twelve of which are more or lest active, rang^ 
ing in htght from a few handred feet op to about 10,300 iwu 

Earthqnakee are frequent in large parts of the island group, in- 
chiding the neighborhood of Manila, sKght shodcs occurring at in-> 
tervals of every lew days or weeks; while more severe shocks, doing 
injury to property and life, happen in some part of the archipelago nl- 
most every year. Seismographic records have shown that som^ of 
these earthquakes, even though not destructive at their origin or epi- 
center, send their waves or earth tremors etitirely around or across 
the gk>be. 

In Manila very violent and destructive earthquakes occurred in the 
years 1600, 1645, 1658, 1665, 1728, 1796, 1S24, 1852, 1865* and 1880. The 
•earthquake of June 5, 1863, destroyed the Manila* cathedral, burying 
many persons in its ruins, and also threw down 25 public and 570 
private buildings. The average annual number of days having earth • 
quakes at that city is twelve, with a minimum, for the years 1880 to 
1897, of five, and « n»ximum of twenty-six. w. u. 

Mount Stuart Folio, Washington, By Gcoacft Ona SvrtR. Geologic 

Atias of the United States, Folio No. 106. Pages 10; with four 

maps, and six sections. Washington, D. C, 1904. 

The quadrangle which is here mapped and described extends half 

a degree in, latitude and longitude, lying on the eastern slope of the 

Cascade range. On the north> it includes Mount Stuart, rising 9470 

feet above the sea, fifteen miles east from the main Cascade range, 

of which an eastern spur, named by Russell the Wetiatchee mountains, 

culminates in this rugged peak. Southward the quadrangle reaches to 

Ellensburg, in a broad fiat expansion of the Yakima valley. Thus it 

comprises a great range of geok)gic formations, from the oldest to 

the youngest rocks known in the region of the northern Cascades. 

The oldest formations, constituting tife Mount Stuart massif and 
the lower peaks near it, are metamorphic sedimentary and eruptive 
rocks, probably of Paleozoic age. 

In the sooth and east parts of the quadrangle are strata of Ter- 
tiary age, partly sediments, but most conspicuously represented by the 
Miocene basaltic eruptions, in which thousands of cubk: miles of lava 
welled up from the earth's interior through numerous vents. 

During late Pliocene and early Pleistocene time a great uplift of 
the belt forming the Cascade mountains took place, and subsequently 
streams and weathering have sculptured the mountains into their 
present outlines. Glaciers in the valleys about Mount Stuart, and, west 
of this quadrangle, on the headwaters of the Yakima river, largely aided 
in supplying extensive alluvial deposits of gravel and sand in the 
Teanaw^y and Yaloma vallejrs, making the principal lands of agricul- 
tural value. w. tr. 
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Riview of 4ke GlmUl Gtohgy of the Southern Penmmy of Mickitan. 

By Frawk I will I. Reprinted pages 100- 1 10, from the SixHh Asi* 

iMuil Rtpoft of the Micfaigan Academy of Soienee, 1904. 

This is an cioeeUent condensed summaty of tfie author's elaboralie 
observafeioas and conclusions, from extensive Md work, aided by Mr. 
F. B. Taylor «id others, for the United States Gtologieal Sorvey. In 
due time their detailed studies are expected to be Mly pafattahed at a 
monograph similar to the two of Mr. Leverett's au ilKw sh i p already 
issued, which describe the glacial and lacustrine formations south of 
the great Laurentian lakes, from Illinois to New York. 

The full monographic report on this peninsula, between lakes Hu- 
ron and Michigan, will doubtless add much to our knowledge of the 
methods of erosion, transportation, and deposition of drift formations, 
as the following quotation from this advance summary indicates: 
"The structure of the drift i§ mope variable in Michigan, both on the 
surface and below, than in a large part of the neighboring states of 
C^io, Indiana, and Illinois. In those states the till or commingled 
drift greatly preponderates over sand and gravel, and contains a large 
percentage of fine clayey material. In Michigan sand and gravel form 
a notable part of the drift material, and much of the till is loose tex- 
tured. This great amount of loose textured drift seems attribttKible to 
the excessive glacial drainage resulting from the convergence of the 
ice lobes. It is best developed in the high portions of the state which 
were built up between the ice lobes. In the plains next to the lake 
basins, where the ice was spreading out, the till or gronnd moraine is 
compact and clayey, as it is in states to the south where the ice k>bes 
were free to spread." 

A bibliography of about 50 titles, comprising publications, that have 
added materially to the knowledge of the Pleistocene features and 
deposits of Michigan, is appended to this short paper; and it is 
stated that the geologic literature of the Great Lakes includes more 
than aoo titles. w. u. 

Manual of Chemical Analysis of Rocks, by Henry S. Washington, 
Ph.D. New York. Wiley ft Sons, 1904. PP. 1B3. $«.«>• 
The great advances that have been made of late years in silicate 
amJyses and the high standards set by modem petrographers, particu- 
lariy the advocates, of new systems of classification, have, in many in- 
stances, served but to discourage the worker who is dependent wholly 
upon his own efforts for analyses as well as for microscopic research 
and field work. 

The excellent work done by Hillebrand* was a great help, but it has 
remained for Dr. Washington to prepare a manual in which the whole 
fie!d of silicate analysis, so far as is necessary in petrography, has been 
covered in such a manner that no one competent to make analyses at 
all has longer excuse for poor work. 
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Dr. Washington is himself' both a petrographer and a chemist The' 
methods given are either his own or those -of the best- workers in the 
field and have . been tested by himself. They afe, therefore, prac- 
tical methods. A pleasing, but in this case not unexpected, feature of 
the work is Dr. Washington's- evident disposition to give full credit 
to everyone upon . whom he has drawn for inf onnation. The booK 
should be in the hands of everyone who has occasion to make rock and 
mineral analyses. a p. if. 
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PERSONAL AND SCIENTIFIC NEWS. 



Dr. J. C. Merriam, professor of Paleontology at the Uni- 
versity of California, has returned from a summer's European 
trip. 

The University of the Pacific, San Jose, California, hjis 
secured the instructional services of Mr. J. C. Hartzell in Geol- 
ogy. 

Mr. Frank Springer, Las Vegas, New Mexico, was elect- 
ed June 8 a corresponding member of the Geological Society 
of London. 

Mr. D. H. Newland, one of the associate editors of thd 
Engineering and Mining Journal, has been appointed sissi^t; 
ant state geologist of New York. 

Dr. W. C. Mendenhall, of the U. S. Geological . Survey, 
with headquarters in Los Angeles, has completed the investi- 
gations of most of the artesian basins of southern California: ' ' 

Mr. E. H. Sellards, A.M. (Kansas State University' ) and 
Ph.D. (Yale), has been appointed professor of entomology, 
geology and zoology in the Univc^rsity of Florida, al L^ke Qty. 

Henry McCalley, assistant state geologist of Alabama, 
died November 20, 1904, of pneumonia, aged fifty-three 
years. He had been connected with the Alabama survey since 
1878. • ' 

Robert Simpson Woodward, dean of the School of Pure 
Science ait Columbia University, has been elected president of 
the Carnegie Institution to succeed Daniel Coit Gillman, re^ 
signed. 

Dr. J. C. Rranxer, of Stanford University, has returned 
from Europe and will be in Washington, D. C, until the meet- 
ing of the Geological Society of America at Philadelphia, in 
January. .- . 

Sir John Murray, editor of the publication of the scien- 
tific results of the Challenger expedition, lectured before the 
Geographic Society of Chicago on Thursday evening, Novem- 
ber 3d. His subject was "The Ocean." 

Dr. Ralph Arnold, of the U. S. Geological Survey, has 
returned to WashingtCMi, D. C, after completing some special 
investigations in the Tertiary formations of •'Washington, -^^ 
gon and California under the direction of Dr. WniwIL 
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The Carnegie Museum of Pittsburg has purchased the 
library of the late J. B. Hatcher of that Museum and also that 
of the late proiessor C. E. Beecher of Yale. The first is es- 
pecially rich in works on? vertebrate paleontology, and the latter 
in works on invertebrate paleontology. 

Dr. D. W. JonNSON, of the Massachusetts Institute of 
Technology, has just completed a report on the '^Relation of 
the Underground Waters to the Law." It will be published in 
the reports of the Eastern Section of the Division of Hydrol- 
ogy of the United States Geological Survey. 

Dr. Geo. P. Merrill gave a paper, Nov. 23, before the 
Geological Society of Washington on "The Formation of the 
vein of so-called Asbestos (fibrous serpentine) at Thetford 
mines, Canada." At the same meeting Mr. Bailey Willis gave 
an illustrated lecture on "Some aspects of China." 

Professor T. C. Chamberlin gave an address at the 
meeting of the Chicago chapter of the Society of the Sigma 
Xi on November 22d. His subject was "The theories of the 
origin of the earth." At the same meeting an exhibit from 
the department of paleontology of the University of Chicago 
was shown. 

The Seventeenth Winter Meeting of the Geological 
Society of America will be held at Philadelphia, beginning De- 
cember 29, at 10 o'clock a. m. Headquarters will be at the 
Walton Hotel, Locust and Broad streets. The meetings will 
be at College Hall, University of Pennsylvania. The presi- 
dent is J. C. Branner. 

Dr. T. C. Chamberlin under the Auspices of the 
Sigma Xi Society on December 2nd gave a lecture in the 
auditorium of the Ohio State University on "Some hypoth- 
eses as to the origin of the earth." An audience composed 
of students, professors and residents of Columbus, numbering 
at least i .000, listened for more than an hour to a most schol- 
arly and interesting address. 

The UmTED States Geological Survey has just com- 
pleted an arrangement wth Dr. T. L. Watson, the recently 
appointed State Geologist of Virginia, for cooperation in the 
investigation of the artesian waters of that state. These in- 
vestigations will be carried on during the winter and following 
summer bv Mr M L. Fuller of the United States survey in 
conjunction with Dr. Watson of the State surve>', and a joint 
report will be prepared early in the fall of 1905. 

National Geographical Society. In the popular meet- 
ings planned hv the Society for the year 1904-05 is a lecture 
on April 21. bv G. K. Gilbert, on "Niagara Fa Is. At the 
scientific meetings the following subjects of geological inter- 
est will be discussed : ''Glacial erosion, by WD. Johnson and 
G. K. Gilbert, November i8th: ''Geography of Alaska, by A. 
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H. Brooks, December 2d; **A geologist in China," by Bailey 
Willis, December i6th; "Physiography of the American des- 
erts," by G. K. Gilbert, January 27th. 

"A Treatise on Metamorphism," by President C. R. 
Van Hise, has just been published by the United States Geo- 
logical Survey as Monograph XLVII. The price is $1.50. 
This is the most complete treatise on metamorphism yet pub- 
lished, and comprises a volume of nearly 1300 pages. Besides 
accounts of the metamorphism of various rocks there are dis- 
cussions on the origin and changes of each rock forming min- 
eral, on the origin and redistribution of the chemical elements, 
and on the relation of metamorphism to ore deposits. 

Prof. George J. Brush's Collection of Minerals and 
Library have been presented by Prof, Brush to the Sheffield 
Scientific School of Yale University. The gift is accompan- 
ied by a fund of ten thousand dollars the income of which is 
to be used for the increase and care of the collection and li- 
brary. The value of the entire donation is estimated at about 
forty thousand dollars. The collection has been made by 
Prof. Brush during the last fifty years, and is rich in type 
specimens of new minerals. It will be henceforth under the 
charge of Prof. S. L. Penfield. 

Geological Society of Washington. At the meeting of 
November 9th the following program was presented: S. F. 
Emmons, "Remarks on copper deposits near the Grand can- 
yon, Arizona ;" W. H. Weed, "Dilation fissures and their con- 
tained ores ;" M. L. Fuller, "Evidence of caves at Put-in-Bay, 
Ohio, on question of land tilting"; C. W. Purrington, "A 
journey in the eastern Altai, Siberia." 

The University of Chicago has arranged for the follow- 
ing special courses in geology during the winter and early 
spring. I. Courses in non-metallic economic geolog>% by Dr. 
E. R. Buckley, State Geologist of Missouri ; these courses in- 
clude an elementary course and an advanced course on struc- 
tural materials ; January 2d to February loth. II. A course 
on Pre-Camhrian geology by Professor C. K. Leith of the 
University of Wisconsin ; this course will be accompanied by 
laboratory work for those who so desire; Februar>' 13th to 
March 24th. III. Courses on ore deposits by Dr. F. L. Ran- 
some, of the U. S. Geological Survey ; these include an ele- 
mentary course on ore deposits in general, and an advanced 
course on gold, silver, copper and lead (in part) ores; April 
13th to May I2th. 

The Tiikodore D. Rand Collectiox of over 20,000 
minerals and rock specimens has been presented bv his daugh- 
ter, Mrs. Charles Stillwcli Eldred^e, of Radnor, Pennsylvania. 
to the geological department of Rryn Mawr collie. This 
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collection, which represents the enthusiastic and painstaking 
labor of Theodore D. Rand, Treasurer for 31 years of the 
American Institute of Mining Engineers, is remarkably com- 
plete. It contains many rare minerals, seldom found in priv- 
ate collections and many valuable and interestii^ crystals. 
The minerals have been secured by purchase and exchange 
from all parts of the world. The rock collection illustrates 
a more limited geographic district . It is thoroughly represent- 
ative of the rocks of eastern Pennsylvania and includes a fine 
series of polished Serpentines, a rock type of which Mr. Rand 
had made a special study. 

This collection is now being installed at Bryn Mawr col- 
lege under the direction of Dr. F. Bascom, associate pro- 
fessor, and Dr. Benjamin L. Miller, associate in Geolog\'. 

Dr. Marsden Manson, of San Francisco, gave, by request, 
a lecture at Washington on the "Evolution of Climates," be- 
fore the Washington Philosophical Society. 

The Coal Fields of Cape Lisburne, Alaska. Near cape 
Lisburne, which is on the Arctic coast of Alaska, 300 miles 
north of the arctic circle, are two coal-bearing formations of 
economic importance. They were studied during the past sum- 
mer by Mr. Arthur J. Collier, of the United States Geological 
Survey, who, assisted bv Mr. Chester Washburn, made his 
way in an open dory along that distant shore as far east as 
cape Beaufort. 

Of the two coal-bearing formations, one, which lies east of 
cape Lisburne, is of Jurassic or Lower Cretaceous age, and 
the other, which lies south of cape Lisburne. is either Lower 
Carboniferous or Devonian. The Mesozoic coal-bearing for- 
mation, which has been known for the last three-quarters of a 
centur\'. commences at a point 25 miles east of cape Lisburne 
and is continuously exposed along the coast to cape Beaufort, 
a distance of 40 miles. It contains the well-known Corwin and 
Thetis mines, the location of which has been shown on many 
recent maps of Alaska, 

Geologic study shows that the coal measures of these fields 
have a total thickness of at least 15,000 feet and contain not 
less than 40 beds of coal, each over a foot thick. The aggre- 
gate thickness of all the beds seen by Mr. Collier is over 150 
feet. Eleven of them are more than four feet thick and contain ^ 
coal of good quality. Analysis of samples from some of the 
beds shows the product to be low-grade bituminous coal. A 
limited amount of coal has been mined here since 1879 ^or 
whalers and revenue cutters. Several cargoes were mined in 
1901 and sold at Nome markets for $18 and $20 a ton. in 
competition with Comax and W^ashington coal at $25 a ton. 

None of the coal beds has been permanently developed. 
The coal produced was mined from the croppings along the 
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sea cliff and boated off to the ships through the surf. There 
is no harbor for vessels nor protection from any but south 
winds. In 1903 a small amount of coal, probably not exceed- 
ing 20 or 30 tons, was produced at the Corwin mine. In 1904 
about 20 tons were taken by the steamship Corwin and about 
10 more tons were mined for consumption at the Point Hope 
whaling station. 

The Paleozoic coals outcrop at three points along the coast, 
4, 8 and 12 miles, respectively, south .of cape Lisburne. The 
coal-bearing formation extends southward for a distance of 
about 40 miles, and reaches the coast again at cape Thompson. 
Beds over four feet in thickness occur at each of the localities 
noted. No analvsis of these coals has vet been made. They 
are bituminous and of considerably better gradfe than the 
Mesozoic coals of the region. They are totally undeveloped, 
but in 1903 a few tons were mined from croppings in the sea 
cliffs and used at the Point Hope whaling station. 

The American Institute of Mining Engineers is plan- 
ning for an excursion to British Columbia and Alaska as its 
summer meeting. The excursion party is expected to leave 
Chicago June 24th, by special train, running direct to Victoria. 
After the sessions at Victoria, an excursion of about 21 days 
will be made by chartered steamer and special train to Snet- 
tisham bay, the Treadwell mines on Douglas island, Juneau, 
Shakan, Skagway, White Horse, Lake Labarge, Dawson (at 
the mouth of the Klondike), the . neighboring mining camps, 
and back to Victoria. On the way east from Victoria, five 
days will be spent in visiting mining <listricts in British Colum- 
bia (including, probably. Nelson, Rossland, Trail, Greenwood, 
etc.) ; and the party will reach Chicago about August 3d. 



Errata for Volume XXXIV. 

Page 122, line 11 from the bottom, for "numerals," read minerals. 
Page 178, after line 17 from the bottom supply the omitted line: of 
the Sacramento range dip with a long slope to the Pecos. 
Page 194, line 7, for "Obolla" read Obollela. 
Pago 244, first line, for "reconcentration" read recementation. 
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